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ARYL FUSED AZAPOLYCYCLIC COMPOUNDS 

Background of the Invention 
This invention relates to certain aryl fused azapolycyclic compounds defined in 
formula I below which bind to neuronal nicotinic acetylcholine specific receptor sites, and 
which are useful in modulating cholinergic function. These compounds are specifically useful 
in the treatment of inflammatory bowel disease (including but not limited to ulcerative colitis, 
pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome, spastic dystonia, 
chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder, 
depression, bipolar disorder, autism, sleep disorders, jet lag. amyotrophic lateral sclerosis 
(ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias. 
gastric acid hypersecretion, ulcers, pheochromocytoma, progressive supranuclear palsy, 
chemical dependencies and addictions (e.g., dependencies on, or addictions to nicotine 
(and/or tobacco products), alcohol, benzodiazepines, barbiturates, opioids or cocaine), 
headache, migraine, stroke, traumatic brain injury (TBI), obsessive-compulsive disorder 
(OCD). psychosis. Huntington's chorea, tardive dyskinesia, hyperkinesia. dyslex«a, 
schizophrenia, multi-infarct dementia, age-related cognitive decline, epilepsy, including petit 
mal absence epilepsy, senile dementia of the Alzheimer's type (AD). Parkinson's disease 
(PD), attention deficit hyperactivity disorder (ADHD), attention deficit disorder (ADD), restless 
legs syndrome (RLS), mild cognitive impairment, cognitive enhancement in schizophrenia, 
20 drug induced extrapyramidal symptoms, conduct disorder, oppositional defined disorder, 
anxiety in anxious smokers, cardiovascular risk in pregnancy, delayed ejaculation, emesis, 
symptoms due to injury inflicted by biological warfare, diarrhea, nicotine gum addiction, sleep 
prevention, ischemia, and Tourette's Syndrome. 

The compounds of this invention may also be used in combination with an 
antidepressant such as, for example, a tricyclic antidepressant or a serotonin reuptake 
inhibiting antidepressant (SRI), in order to treat both the cognitive decline and depression 
associated with AD. PD. stroke, Huntington's chorea or traumatic brain injury (TBI); in 
combination with muscarinic agonists in order to stimulate both central muscarinic and 
nicotinic receptors for the treatment, for example, of ALS, cognitive dysfunction, age-related 
cognitive decline, AD, PD, stroke, Huntington's chorea and TBI; in combination with 
neurotrophic factors such as NGF in order to maximize cholinergic enhancement for the 
treatment, for example, of ALS. cognitive dysfunction, age-related cognitive decline. AD. PD 
stroke. Huntington's chorea and TBI; or in combination with agents that slow or arrest AD 
such as cognition enhancers, amyloid aggregation inhibitors, secretase inhibitors, tau kinase 
35 inhibitors, neuronal anti-inflammatory agents and estrogen-like therapy. 

Other compounds that bind to neuronal nicotinic receptor sites are referred to in WO 
9818798 A1 (US Patent 6.235,734). WO 9935131-A1 (US Patent 6.410,550). United States 
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Patent No. 6,020,335 and WO9955680-A1 (US Patent 6,462,035). The foregoing applications 
are owned in common with the present application, and are incorporated herein by reference 
in their entirety. 

Summary of the Invention 
5 This invention relates to aryi fused azapolycyciic compounds of the formula 



R 2 




R 3 



wherein Z is a group represented by the formula CR 4 R 5 or CR 6 R 7 CR 8 R 9 ; 

R 1 is hydrogen, (CVCeJalkyl, unconjugated (QrCeJalkenyl, benzyl, XC(=0)R 13 or 
•.CH 2 CHz-CHCrC4)alkyl; 

10 R 2 and R 3 are selected, independently, from hydrogen, (C2-C 6 )alkenyl, (C2-C 6 )alkynyl, 

hydroxy, nitro, amino, halo, cyano, -SOq^-CeJalkyl wherein q is zero, one or two, 
(CjCeJalkylamino-, [(C r C 6 )alkyI]2amino-, -C0 2 R 10 , -CONR 11 R 12 , -S0 2 NR 13 R 14 , -C(=0)R 19 , 
-XC(=0)R 19 , aryl-(C 0 -C 3 )alkyl- or aryl-(Co-C 3 )alkyl-0-, wherein said aryl is selected from phenyl 
and naphthyl, heteroaryl-(C 0 -C 3 )alkyl- or heteroaryKCo-CaJalkyl-O-, wherein said heteroaryl is 

15 selected from five to seven membered aromatic rings containing from one to four heteroatoms 
selected from oxygen, nitrogen and sulfur; X 2 (C 0 -C 6 )alkyl- and X 2 (C 1 -C 6 )alkoxy-(Co-C 6 )alkyl-, 
wherein X 2 is absent or X 2 is (CrCsJalkylamino- or [(CrCeJalkylfeamino-, and wherein the (Qr 
C 6 )alkyl- or (d-CeJalkoxy^Co-CeJalkyl- moieties of said X 2 (C 0 -C 6 )alkyl- or X 2 (C 1 -C 6 )alkoxy-(C 0 - 
C 6 )alkyl- contains at least one carbon atom, and wherein from one to three of the carbon atoms 

20 of said (C 0 -C 6 )alkyl- or (C r C 6 )alkoxy-(Co-C 6 )alkyl- moieties may optionally be replaced by an 
oxygen, nitrogen or sulfur atom, with the proviso that any two such heteroatoms must be 
separated by at least two carbon atoms, and wherein any of the alkyt moieties of said (C 0 - 
C 6 )alkyl- or (Ci.C 6 )alkoxy-(C 0 -C 6 )alkyI- groups may be optionally substituted with from two to 
seven fluorine atoms, and wherein one of the carbon atoms of each of the alkyl moieties of said 

25 aryl-(Co-C 3 )aikyl- and said heteroaryl-(Co-C 3 )alkyl- may optionally be replaced by an oxygen, 
nitrogen or sulfur atom, and wherein each of the foregoing aryl and heteroaryl .groups may 
optionally be substituted with one or more substituents, preferably from zero to two substituents, 
independently selected from (d-CeJalkyl optionally substituted with from one to seven fluorine 
atoms, (C r C 6 )aIkoxy optionally substituted with from two to seven fluorine atoms, halo (e.g. . 

30 chloro, fluoro, bromo or iodo), (C r C 6 )alkenyi, (C2-C 6 )alkynyl, hydroxy, nitro, cyano, amino, (C r 
C 6 )alkylamino-, [(C r C 6 )alkyl]2amino-, -C0 2 R 1 °, -CONR 11 R 12 , -S0 2 NR 13 R 14 , -C(=0)R 19 and 
-XC(=0)R 19 ; 
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or R 2 and R 3 , together with the carbons to which they are attached, form a four to seven 
membered monocyclic, or a ten to fourteen membered bicyclic, carbocyclic ring that can be 
saturated or unsaturated, wherein from one to three of the non-fused carbon atoms of said 
monocyclic rings, and from one to five of foe-carbon atoms of said bicyclic rings that are not part 
5 of the benzo ring shown in formula I. may optionally and independently be replaced by a 
nitrogen, oxygen or sulfur, and wherein said monocyclic and bicyclic rings may optionally be 
substituted with one or more substituents, preferably from zero to two substituents for the 
monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected, 
independently, from (Co-C 6 )alkyl- or (d-CeJalkoxy^Co-CeJalkyl-, wherein the total number of 
10 carbon atoms does not exceed six and wherein any of the alkyl moieties may optionally be 
substituted with from one to seven fluorine atoms; nitro, oxo, cyano, halo, (C2-C 6 )alkenyi, (C r 
C 6 )alkynyl, hydroxy, amino, (C r C 6 )alkyiamino- f [(C r C 5 )alkylkamino-, -C0 2 R 1 °, -CONR 11 R 1 , - 
S0 2 NR 13 R 14 , -C(=0)R 19 , and ~XC(=0)R 19 ; 

R 4 and R 5 are selected, independently, from H, (C r C 6 )alkyl, F, CI, Ph, CH 2 Ph, (C r 
15 C 6 )alkoxy, or R 4 and R 5 , together with the carbon they are attached, form a three, four or six 
membered saturated ring with the proviso that R 4 and R 5 cannot both be H; 

R 6 , R 7 , R 8 and R 9 are selected, independently, from H, Me, Et, Pr, Ph and CF 3 ; 
each R 10 , R 11 , R 12 , R 13 , R 14 and R 19 is selected, independently, from hydrogen and (d - 
C 6 ) alkyl, or R 11 and R 12 , or R 13 and R 14 together with the nitrogen to which they are attached, 
20 form a pyrrolidine, piperidine, morpholine, azetidine, piperazine, -NKd-^alkylpiperazine or 
thiomorpholine ring, or a thiomorpholine ring wherein the ring sulfur is replaced with a sulfoxide 
or sulfone; and 

each X is, independently, (d-Ce^kylene. 

Examples of possible heteroaryl groups within the definition of R 2 and R 3 are the 
25 following: thienyl, oxazoyl, isoxazolyl, pyridyl,- pyrimidyl, thiazolyl, tetrazolyl, isothiazolyl, triazolyl, 
imidazolyl, tetrazolyl, pyrrolyl and the following groups: 

«24 D 24 R 24 ■ 

YV Y Vr 15 I >- r15 

o^tf n.q/ n. n 

W N^/ R 15' N -N 

wherein one of R 1S and R 24 is hydrogen or (Chalky!, and the other is a bond to the benzo 
ring of formula I. 
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Examples of compounds of this invention are compounds of the formula I, and their 
pharmaceutical^ acceptable salts, wherein R 2 and R 3 , together with the benzo ring of formula I, 
form a bicyclic ring system selected from the following: 

ah- O 5 

R 23 




R16 



5 wherein R 16 and R 23 are selected, independently, from hydrogen, (C r C 6 )alkyl; and (C r 
C 6 )aikoxy-(C 0 -C 6 )alkyi- wherein the total number of carbon atoms does not exceed six and 
wherein any of the alkyl moieties may optionally be substituted with from one to seven fluorine 
atoms; nitro, cyano, halo, amino, (CrCyalkylamino-, [(Ci-Ce) alkyi] 2 amino-, -COzR 10 , - 
CONR 11 R 12 , -S0 2 NR 13 R 14 , -C(=0)R 19 , -XC(=0)R 19 , phenyl and monocyclic heteroaryl wherein 
10 said heteroaryl is defined as R 2 and R 3 are defined in the definition of compounds of the 
formula I above; 

Other embodiments of this invention relate to compounds of the formula I, and their 
pharmaceutical^ acceptable salts, wherein R 2 and R 3 , together with the benzo ring of formula I, 
form a bicyclic or tricyclic ring system selected from the following: 
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wherein R 16 and R 23 are defined as above, and m is zero, one or two, and wherein one of the 
carbon atoms of ring A can optionally be replaced with oxygen or N(C 1 -C 6 )aikyl. 

Other embodiments of this invention relate to compounds of the formula I, and their 
pharmaceutical^ acceptable salts, wherein neither R 2 nor R 3 is attached to the benzo ring of 
5 formula I via an oxygen atom. 

Other embodiments of this invention relate to compounds of the formula I, and their 
pharmaceutical^ acceptable salts, wherein R 2 and R 3 do not, together with the benzo ring of 
formula I, form a bicyclic or tricyclic ring system. 

Other embodiments of this invention relate to compounds of the formula I wherein 
10 one or both of R 2 and R 3 are -C(=0)R 19 , wherein R 19 is (C r C 6 )alkyl. Further embodiments of 
this invention relate to compounds of the formula I wherein one or both of R 2 and R 3 are - 
C(=0)R 19 , wherein R 19 is (C r C 6 )alkyI or (C r C 3 )alkyl optionally substituted with from one to 
seven fluorine atoms. Other embodiments relate to compounds of the formula I wherein one 
of R 2 and R 3 is CF 3 , fluoro, cyano, (C 2 -C 6 )alkynyl or C 2 F 5 . 
15 The invention also relates to compounds of the formula: 

r 




wherein R 2 and R 3 are defined as in claim 1; and P is COOR 17 wherein R 17 is allyl, 2,2,2- 

trichloroethyl or (C r C 6 )alkyl; -C(=O)NR l0 R 11 wherein R 11 and R 12 are defined as in claim 1; - 
20 C(=0)H; -C(=0)(CrC 6 )alkyl or -C(=S)(C r C 6 )alky1 wherein the aikyl moiety may optionally be 

substituted with from 1 to 3 halo atoms, preferably with from 1 to 3 fluoro or chloro atoms; 

benzyl, or t-butoxycarbonyl. 

The present invention also relates to all radiolabeled forms of the compounds of the 

formula I. Preferred radiolabeled compounds of formula I are those wherein the radiolabels 
25 are selected from as 3 H, 11 C, 14 C, 18 F, 123 l and 125 l. Such radiolabeled compounds are useful 

as research and diagnostic tools in metabolism studies, such as pharmacokinetics studies, 

etc., and in binding assays in both animals and man. 

The present invention also relates to a pharmaceutical composition for use in 

reducing nicotine addiction or aiding in the cessation or lessening of tobacco use in a 
30 mammal, including a human, comprising an amount of a compound of the formula I, or a 

pharmaceutical^ acceptable salt thereof, that is effective in reducing nicotine addiction or 

aiding in the cessation or lessening of tobacco use and a pharmaceutical^ acceptable carrier. 
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The present invention also relates to a method for reducing nicotine addiction or 
aiding in the cessation or lessening of tobacco use in a mammal, including a human, 
comprising administering to said mammal an amount of a compound of the formula I, or a 
pharmaceutical^ acceptable salt thereof, that is effective in reducing nicotine addiction or 
5 aiding in the cessation or lessening of tobacco use. 

The present invention also relates to a method of treating a disorder or condition 
selected , from inflammatory bowel disease, ulcerative colitis, pyoderma gangrenosum, 
Crohn's disease, irritable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac 
sprue, pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, 

10 autism, sleep disorders, jet lag, amyotrophic lateral sclerosis (ALS), cognitive dysfunction, 
hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid hypersecretion, 
ulcers, pheochromocytoma, progressive supranuclear palsy, chemical dependencies and 
addictions, dependencies on, of addictions to nicotine (or tobacco products), alcohol, 
benzodiazepines, barbiturates, opioids or cocaine, headache, migraine, stroke, traumatic 

15 brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntington's chorea, 
tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, muiti-infarct dementia, age-related 
cognitive decline, epilepsy, petit mal absence epilepsy, senile dementia of the Alzheimer's 
type (AD), Parkinson's disease (PD), attention deficit hyperactivity disorder (ADHD), attention 
deficit disorder (ADD), restless legs syndrome (RLS), mild cognitive impairment, cognitive 

20 enhancement in schizophrenia, drug induced extrapyramidal symptoms, conduct disorder, 
oppositional defined disorder, anxiety in anxious smokers, cardiovascular risk in pregnancy, 
delayed ejaculation, emesis, symptoms due to injury inflicted by biological warfare, diarrhea, 
nicotine gum addiction, sleep prevention, ischemia, and Tourette's Syndrome in a mammal, 
comprising administering to a mammal in need of such treatment an amount of a compound 

25 of the formula I, or a pharmaceutical^ acceptable salt thereof, that is effective in treating such 
disorder or condition. 

The present invention also relates to a pharmaceutical composition for treating a 
disorder or condition selected from inflammatory bowel disease, ulcerative colitis, pyoderma 
gangrenosum, Crohn's disease, irritable bowel syndrome, spastic dystonia, chronic pain, 

30 acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder, depression, 
bipolar disorder, autism, sleep disorders, jet lag, amyotrophic lateral sclerosis (ALS), cognitive 
dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid 
hypersecretion, ulcers, pheochromocytoma, progressive supranuclear palsy, chemical 
dependencies and addictions, dependencies on, or addictions to nicotine (or tobacco 

35 products), alcohol, benzodiazepines, barbiturates, opioids or cocaine, headache, migraine, 
stroke, traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, 
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Huntington's chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct 
dementia, age-related cognitive decline, epilepsy, petit mal absence epilepsy, senile dementia 
of the Alzheimer's type (AD), Parkinson's disease (PD), attention deficit hyperactivity disorder 
(ADHD), attention deficit disorder (ADD), restless legs syndrome (RLS), mild cognitive 
5 impairment, cognitive enhancement in schizophrenia, drug induced extrapyramidal 
symptoms, conduct disorder, oppositional defined disorder, anxiety in anxious smokers, 
cardiovascular risk in pregnancy, delayed ejaculation, emesis, symptoms due to injury 
inflicted by biological warfare, diarrhea, nicotine gum addiction, sleep prevention, ischemia, 
and Tourette's Syndrome in a mammal, comprising an amount of a compound of the formula 
10 I, or a pharmaceutical^ acceptable salt thereof, and a pharmaceutical^ acceptable carrier. 

The present invention also relates to a method for reducing nicotine addiction or 
aiding in the cessation or lessening of tobacco use in a mammal, comprising administering to 
said mammal an amount of a compound comprising an amount of a compound of the formula 



15 wherein R is selected from the group consisting of hydrogen or (C r C 6 )a!kyl and Z is as 
defined above, or a pharmaceutical^ acceptable salt thereof, that is effective in reducing 
nicotine addiction or aiding in the cessation or lessening of tobacco use. 

The present invention also relates to a method for treating a disorder or condition 
selected from inflammatory bowel disease, ulcerative colitis, pyoderma gangrenosum, Crohn's 

20 disease, irritable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue, 
pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, 
sleep disorders, jet lag, amyotrophic lateral sclerosis (ALS), cognitive dysfunction, 
hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid hypersecretion, 
ulcers, pheochromocytoma, progressive supranuclear palsy, chemical dependencies and 

25 addictions, dependencies on, or addictions to nicotine (or tobacco products), alcohol, 
benzodiazepines, barbiturates, opioids or cocaine, headache, migraine, stroke, traumatic 
brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntington's chorea, 
tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct dementia, age-related 
cognitive decline, epilepsy, petit mal absence epilepsy, senile dementia of the Alzheimer's 

30 type (AD), Parkinson's disease (PD), attention deficit hyperactivity disorder (ADHD), attention 
deficit disorder (ADD), restless legs syndrome (RLS), mild cognitive impairment, cognitive 
enhancement in schizophrenia, drug induced extrapyramidal symptoms, conduct disorder,' 
oppositional defined disorder, anxiety in anxious smokers, cardiovascular risk in pregnancy, 
delayed ejaculation, emesis, symptoms due to injury inflicted by biological warfare, diarrhea, 
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nicotine gum addiction, sleep prevention, ischemia, and Tourette's Syndrome in a mammal, 
comprising administering to a mammal in need of such treatment an amount of a compound of 
the formula 

(I J^/ n " r19 

5 wherein R 19 and Z are as defined above, or a pharmaceutical^ acceptable salt thereof, that 
is effective in treating such disorder or condition. 

This invention also relates to the pharmaceutical^ acceptable acid addition salts of the 
compounds of formula I. Examples of pharmaceutical^ acceptable acid addition salts of the 
compounds of formula I are the salts of hydrochloric acid, p-toluenesulfonic acid, fumaric acid, 

10 citric acid, succinic acid, salicylic acid, oxalic acidj hydrobromic acid, phosphoric acid, 
methanesulfonic acid, tartaric acid, malic acid, di-p-toluoyi tartaric acid, and mandelic acid, as 
well salts formed from other acids known to those of skill in the art to form pharmaceutical^ 
acceptable acid addition salts to basic compounds. Other possible acid addition salts are, e.g., 
salts containing pharmaceutical^ acceptable anions, such as the hydroiodide, nitrate, sulfate 

15 or bisulfate, phosphate or acid phosphate, acetate, lactate, gluconate, saccharate, benzoate, 
methanesulfonate, ethanesulfonate, benzenesulfonate, and pamoate (/.e.; 1.1-methylene-bis- 
(2-hydroxy-3-naphthoate) salts). 

Unless otherwise indicated, the term "halo", as used herein, includes fluoro, chloro, 
bromo and iodo. 

20 Unless otherwise indicated, the term "atkyl", as used herein, includes straight chain 

moieties, and where the number of carbon atoms suffices, branched and cyclic moieties. 

The term "alkoxy", as used herein, means "-O-alkyl" or u alky!-0- u , wherein u alkyl" is 
defined as above. 

The term "alkylene, as used herein, means an alkyl radical having two available bonding 
25 sites (he., -alkyl-), wherein "alkyl" is defined as above. 

Unless otherwise indicated, the term "one or more substituents", as used herein, refers 
to from one to the maximum number of substituents possible based on the number of available 
bonding sites. 

The compounds of formula I may have optical centers and therefore may occur in 
30 different enantiomeric configurations. The invention includes all enantiomers, diastereomers, and 
other stereoisomers of such compounds of formula I, as well as racemic and other mixtures 
thereof. 
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Detailed Description of the Invention 
Except where otherwise stated, R 1 through R 25 , Z, m t P and P\ and structural formula I 
in the reaction schemes and discussion that follow are defined as above. Schemes 1-10, below, 
illustrate methods of synthesizing compounds of the formula I. 



SCHEME 1 




10 
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SCHEME 7 





(ring A = present 
or absent) 

XII 



(ring A = present 
or absent) 

XIII 




(ring A = present 
or absent) 

XIIIA 



003) 



Ph 



(ring A = present 
or absent) 

XIV 




Z NH 



IG: (R 2 and R 3 form a ring) 
III: (ring A absent) 



R' 




C0 2 H 



XXVI 



SCHEME 7A 



z Ste P 1 J< 



Step 3 



R 




Step 2 



C0 2 R* 




XXIXA 



XXVIIA 



Step 4 



C 




R 2 C0 2 R 4 
XXVIIIA 

L is H- or ((C r C 6 )alkyl) 3 SI- 




Z ,NH 



Step 5 



XXX 



B" is halide, tosylate, mesylate, "OS0 2 R or'OCOR 2 



IG 1 : where R 2 and R 3 form a ring A (see Scheme 7) 
III": where R 2 and R 3 do not form a ring 
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XV XVI XVII XVIII 

(R 24 is, e.g.; F, (C^CsJalkoxy or any suitable R 2 and/or R 3 group member) 
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SCHEME 10 




Referring to Scheme 1, the starting material of formula 111 is reacted with trifluoroacetic 
anhydride, in the presence of pyridine, to form the compound of formula IV. This reaction is 
5 typically conducted in methylene chloride at a temperature from about 0°C to about room 
temperature. Other methods of generating a trifluoroacetate protecting group that may be used 
are recognized by those skilled in the art. 

The compound of formula IV is then converted into the dlnitro derivative of formula IIA by 
the following process. The compound of the formula IV is added to a mixture of 4 or more 
10 equivalents of trifluoromethanesulfonic acid (CF 3 SO z OH) and 2 to 3 equivalents of nitric acid, in a 
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chlorinated hydrocarbon solvent such as chloroform, dichloroethane (DCE) or methylene 
chloride. The resulting mixture is allowed to react for about 5 to 24 hours. Both of the foregoing 
reactions are generally conducted at a temperature ranging from about -78°C to about 0°C for 
about 2 hours, and then allowed to warm to room temperature for the remaining time. 

5 Reduction of the compound of formula IIA. using methods well known to those of skill in 

the art, yields the compound of formula MB. This reduction can be accomplished, for example, 
using hydrogen and a palladium catalyst such as palladium hydroxide or palladium on carbon 
• and running the reaction in an alcohol solvent, preferable methanol at about room temperature. 
The steps of Scheme 1 can also be performed with a nitrogen-protecting group, other than a 

10 trifluoroacetyl group, that would be deemed suitable by those of skill in the art. Other suitable 
nitrogen protecting groups that can be used in the procedures described throughout this 
document include -COCF 3 . -COCCI 3 , -COOCH 2 CCI 3 , -COO(C,-C 6 )alkyl and -COOCH 2 C 6 H 5 . 
These groups may be added or removed by methods described for each in T. W. Greene and 
G.M. wuts. PrntPrtive Group* in Oroanic Syn thesis. 3" 1 Edition (John Wiley & Sons, New 

15 York, 1999). 

Referring to Scheme 2, the compound of formula IIA is converted into the corresponding 
compound wherein the trifluoroacetyl protecting group is replaced by a t-Boc protecting group 
(VIA) by reacting it first with an alkali metal or alkaline earth metal (or ammonium) hydroxide or 
carbonate, and then reacting the isolated product from the foregoing reaction with di-t- 
20 butyldicarbonate. Although t-Boc is used in this instance, other appropriate nitrogen-protecting 
groups known to those of skill in the art may be used. The reaction with the alkali or alkaline 
earth metal (or ammonium) hydroxide or carbonate is generally carried out in an aqueous 
alcohol, dioxane or tetrahydrofuran (THF) at a temperature from about room temperature to 
about 70°C, preferably at about 70°C, for about one to about 24 hours. The reaction of the 
25 isolated, unprotected amine or an acid addition salt of such amine, from the above reaction with 
di-t-butyldicarbonate is preferably carried out in a solvent such as THF, dioxane or methylene 
chloride at a temperature from about 0°C to about room temperature. This reaction may or may 
not be conducted in the presence of a base. When the reactant is a salt of the amine, use of a 
base is preferred. The resulting compound of formula VIA can be converted into the 
30 corresponding diamino" derivative of formula VIB using the procedure described above for 
converting the dinitro compound of formula IIA into the corresponding diamino compound of 
formula IIB. or other generally accepted nitro group reduction methods known to those of skill in 
the art, ag., zinc-, tin-, or iron-mediated reductions, etc. 

The conversion of the compound of formula VIB into the desired compound of the 
35 formula VII can be accomplished by reacting the compound of formula VIB with a compound of 
the formula XXIIA 
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T XXIIA 



R "OEt 

wherein R 16 is hydrogen, (C^CeJalkyl optionally substituted with from one to seven fluorine 
atoms, aryi-(C 0 -C 3 )alkyl wherein said aryl is selected from phenyl and naphthyl, or heteroaryl- 
(C 0 -C 3 )alkyl wherein said heteroaryl is selected from five to seven membered aromatic rings 
5 containing from one to four heteroatoms selected from oxygen, nitrogen and sulfur, and 
wherein each of the foregoing aryl and heteroaryl groups may optionally be substituted with 
one or more substituents, preferably from zero to two substituents, independently selected 
from (C r C 6 )alkyl optionally substituted with from one to seven fluorine atoms, (CrCeJalkoxy 
optionally substituted with from one to seven fluorine atoms and cyano. The preferred solvent 
10 for this reaction is a 10:1 mixture of ethanol/acetic acid. The reaction temperature can range 
from about 40°C to about 100°C. It is preferably about 60°C. Other appropriate solvents 
include acetic acid, ethanol and isopropanol. 

Alternate methods of preparing compounds of the formula VII the compound of 
formula VIB are described by Segelstein et aL, Tetrahedron Lett. . 1993, 34. 1897. 
15 Removal of the t-Boc protecting group from the compound of formula VII yields 

corresponding compound of formula IA. The protecting group can be removed using methods 
well known to those of skill in the art. For example, the compound of formula VII can be 
treated with an anhydrous acid such as hydrochloric. acid, hydrobromic acid, methanesulfonic 
acid, or trifluoroacetic acid, preferably hydrochloric acid in ethyl acetate, at a temperature 
20 from about 0°C to about 100°C, preferably from about room temperature to about 70°C, for 
about one to 24 hours. 

The compound of formula VII can be converted into the corresponding compound of 
formula IB by reacting it with a compound of the formula R^Lg, wherein R 23 is defined as R 16 
is defined above, with the proviso that hydrogen is excluded from the definition of R 23 , and Lg 
25 is a leaving group such as a halo or sulfonate (e.g. . chloro, brbmo, mesylate or tosyiate), in 
the presence of a base such as an alkali metal hydride, hydroxide or carbonate, preferably 
potassium hydroxide, in a polar solvent such as water, dimethylsulfoxide (DMSO), THF or 
DMF, preferably a mixture of DMSO and water, and then removing the protecting group as 
described above. The reaction with R^Lg is generally carried out at a temperature from . 
30 about room temperature to about 100°C, preferably at about 50°C, for about five hours. 

Scheme 3 illustrates an alternate method of preparing compounds of the formula IB 
from the compound of formula VIA. This method is the preferred method of making 
compounds of the formula IB wherein R 23 is a bulky group such as an aryl or heteroaryl 
containing group, or when R 23 can not be attached, as illustrated in Scheme 2, by alkylation or 
aryl substitution methods. Referring to Scheme 3, the compound of formula VIA is reacted 
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formula 08,1 be reacted with a compound of the 
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(double condensation reaction) in a polar solvent such as THF 
30 preferably a mixture of water and THF TMc ' ' " 3Cetic acid - 

water and THF. Th.s react,on is typically carried out at a temperature 
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from about 40°C to about 100°C, preferably at the reflux temperature, for about two to four 
hours. The desired quinoxoline of formula IC can then be formed by deprotecting the 
compound formed in either of the foregoing reactions, using the method described above for 
converting a compound of the formula VII into one of the formula IA. Alternatively, in place of 
5 compound VIB in Scheme 4, the compound IIB of Scheme 1 may be used analogously in this 
procedure with deprotection/reprotection as outlined in Scheme 2 (i.e., the process of 
transforming IIA to VIA) in order to arrive at ultimately the compound IC. In general, 
alternative nitrogen protection groups are equally suited to the procedure of Scheme 4. 

Scheme 5 illustrates a method of preparing compounds of the formula I wherein R 2 and 

10 R 3 , together with the benzo ring to which they are attached, form a benzoxazole ring system. 
Such a compound, wherein R 1 is hydrogen, is depicted in Scheme 5 as chemical formula IE. 
Referring to Scheme 5, the compound of formula XXII, wherein Y is nitro, halo, 
trffluoromethanesulfonate or a diazonium salt, is reacted with potassium acetate or another alkali 
or alkaline earth metal carboxylate in a solvent such as dimethylsulfoxide (DMSO), DMF or 

15 acetonitrile, preferably DMSO. This reaction is generally allowed to run for about 12-24 hours. 
Appropriate reaction temperatures range from about 70°C to about 140°C. Approximately 100°C 
is preferred. 

The above reaction yields the compound of formula VIII, which can then be converted 
into the desired compound having formula IE by the following procedure. First, the compound of 

20 formula VIII is reduced by reaction with hydrogen and a palladium or platinum catalyst such as 
palladium hydroxide in an alcohol solvent, preferable methanol at a temperature from about 0°C 
to about 70°C, preferably at about room temperature, to form the corresponding amino 
derivative. The product of this reaction is then reacted with an acid chloride of the formula 
R 1B COCI or an acid anhydride of the formula (R 16 CO) 2 0 wherein R 18 is (C r C 6 )alkyI, or a 

25 compound of the formula R 16 C(OC 2 H5) 3l in an appropriate inert solvent such as decalin, 
chlorobenzene or xylenes. A mixture of xylenes is preferred. This reaction is typically conducted 
at a temperature from about 120-150°C, preferably at about 140°C. When R 16 COCI is used as a 
reactant, it is preferable to add a stoichiometric amount of triethylamine (TEA) or another organic 
tertiary amine base and a catalytic amount of pyridinium p-toluenesulfonic acid or pyridinium p- 

30 toluenesulfonate (PPTs) to the reaction mixture. When R 16 C(OC2H 5 )3 is used as a reactant, it is 
preferable to add a catalytic amount of PPTs to the reaction mixture. 

Removal of the trifluoroacetyl nitrogen protecting group yields the desired compound of 
the formula IE. This can be accomplished using methods well known to those of skill in the art, 
for example, reacting the protected compound with a lower alkanol and an aqueous alkali or' 

35 alkaline earth metal (or ammonium) hydroxide or carbonate, aqueous sodium carbonate, at a 
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temperature from about 50°C to about 100°C, preferably at about 70 °C, for about two to six 
hours. 

Scheme 6 illustrates the preparation of compounds of the formula I wherein R 1 is 
' hydrogen and R 2 and R 3 , together with the benzo ring to which they are attached, form a 
5 benzothiazoie ring system. Referring to Scheme 6, the compound of formula III is reacted with 
trifluoroacetic anhydride to form the corresponding compound wherein the ring nitrogen is 
protected by a trifiuoroacetyl group, and the resulting nitrogen protected compound is then 
reacted with two equivalents of trifluoromethanesulfonic anhydride and one equivalent of nitric 
acid to form the corresponding compound of formula IX, wherein there* is a single nitro 
10 substituent on the benzo ring. The reaction with trifluoroacetic acid is typically conducted in the 
presence of pyridine. Both of the above reactions are typically conducted in a reaction inert 
solvent such as a chlorinated hydrocarbon solvent, preferably methylene chloride, at a 
temperature from about 0°C to about room temperature, preferably at about room temperature. 

The above transformation can also be accomplished using other nitration methods 
15 known to those skilled in the art. Reduction of the nitro group to an amine group can be 
accomplished as described above to provide a compound of the formula IX r . 

The compound of formula IX' is then reacted with a carboxylic acid halide or anhydride 
of the formula R 16 COX or (R 16 CO)20, wherein X is halo and R 16 is hydrogen or (C r C 6 )alkyl, and 
pyridine, TEA or another tertiary amine base, to form a compound of the formula X, which can 
20 then be converted to the desired compound having formula XI by reacting it with Lawesson's 
reagent: 

.0. 



s s 




The reaction with R 16 COX, wherein X is halo, or (R 16 CO) 2 0 is generally carried out at 
a temperature from about 0°C to about room temperature, preferably at about room 
25 temperature. The reaction with Lawesson's reagent is generally carried out in a reaction inert 
• solvent such as benzene, 1,4-dioxane or toluene, preferably 1,4-dioxane, at a temperature 
from about room temperature to about the reflux temperature of the reaction mixture, 
preferably at about the reflux temperature. 

•Closure to the benzothiazoie ring and nitrogen deprotection to form the desired 
30 compound of formula IF can be accomplished by reacting the compound of formula XI with 
potassium ferricyanide and sodium hydroxide in a mixture of water and methanol 
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(NaOH/H 2 0/CH 3 OH), at a temperature from about 50°C to about 70°C, preferably at about 
60°C for about 1 .5 hours. 

Scheme 7 illustrates a method of preparing the compound of formula III, which is 
used as the starting material for the process of Scheme 1, or a compound of the formula IG, 
5 wherein R 2 and R 3 form a ring (labeled U A° in the Scheme), as defined above in the definition 
of compounds of the formula I. Referring to Scheme 7, the compound of formula XII, wherein 
X 1 .ahd X 2 are selected, independently, from chloro, fluoro, bromo and iodo, but where at least 
one of X 1 and X 2 is Br- or I-, and reacted with cydodiene containing a Z group as defined 
above, in the presence of magnesium metal, in THF, dioxane or other ethereal solvent, at a 

10 temperature from about 40°C to about 100°C, preferably at about the reflux temperature, to • 
form a compound of the formula XIII. Reaction of the resulting compound of formula XIII with 
N-methylmorpholine-N-oxide (NMO) and osmium tetroxide in acetone at about room 
temperature yields the corresponding compound of the formula XIIIA. 

The compound having formula XIIIA is then converted into the corresponding 

15 compound of formula XIV using the following procedure. First, the compound of formula XIIIA 
is reacted with sodium periodate in a mixture of a chlorinated hydrocarbon, preferably 
dichloroethane (DCE), and water, or with lead tetraacetate in a chlorinated hydrocarbon 
solvent, at a temperature from about 0°C to about room temperature, to generate a 
dialdehyde or glycal intermediate. The product of this reaction is then reacted with 

20 benzytamine and sodium triacetoxyborohydride in a chlorinated hydrocarbon solvent at a 
temperature from about 0°C to about room temperature, preferably at about room 
temperature, to form the desired compound of formula XIV. Removal of the benzyl group 
from the compound of formula XIV yields the compound of formula 111 (when ring A is absent) 
or IG, (when ring A is present). This can be accomplished using methods well known to those 

25 of skill in the art, for example, optionally reacting the free base with one equivalent of acid, 
e.g. . hydrochloric, acid, (to form the corresponding acid addition salt), followed by 
hydrogenolysis and palladium hydroxide in methanol at about room temperature. 

In the reductive amination step described above and throughout this document, 
alternatives to benzyl amine, such as ammonia, hydroxylamine, alkoxy amines, methyl amine, 

30 allyl amine, and substituted benzylamines (e.g. . diphenylmethyl amine and 2- and 4-aikoxy 
substituted benzyl amines) can also be used. They can be used as free bases, or as their 
salts, preferably their acetate salts, and can be subsequently removed by methods described 
for each in T. W. Greene and G.M. Wuts, Protective Groups in Organic Synthesis. 3 rd Edition 
(John Wiley & Sons, New York .1999). 
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The procedure of Scheme 7 can also be used to prepare compounds of the formula I 
wherein R 2 and R 3 do not form a ring and are not both hydrogen, by replacing the starting 
material of formula XII with the appropriate compound having the formula XII* 

K - 

5 Alternatively, a compound of formula XIII can be converted, via methods described 

below and in Scheme 8, to compounds of formula XIV or formula IG or formula III. 

An alternative means of preparing a compound of formula III*, or as appropriate IG', is 
illustrated in Scheme 7A. This process can be applied to produce compounds of compounds 
of formula I, where R 1 is hydrogen, and R 2 and R 3 are as defined above, with the exception of 

10 when R 2 and R 3 are hydroxy, amino, (C r C 6 )alkylamino, ((d-CeJalkylJzamino, -C(=0)R 19 , or - 
(C r C 6 )alkyIene-C(=0)R 19 . 

Referring to Scheme 7A, step 1 is an esterification of a carboxylic acid. A carboxylic 
acid of formula XXVI is treated with a Lewis acid catalyst such as boron trifluoride, or with an 
acid catalyst such as sulfuric acid, hydrochloric acid, p-toluenesulfonic acid, methane sulfonic 

15 acid, trifluoroacetic acid, or hydrobromtc acid, preferably sulfuric acid, in an alcohol solvent 
such as methanol, ethanol, propanol, butanol, pentanol, or hexanol, preferably methanol, at a 
temperature between 25 and 120 °C, preferably 65 °C, for a period of 30 minutes to 24 hours, ' 
preferably 4 hours, to afford a compound of formula XXVI IA. 

Step 2 of Scheme 7A is a cyanohydrin formation. A ketone of formula XXVIIA is 

20 treated with a Lewis acid catalyst such as zinc iodide, zinc triflate, trimethylsilyl triflate, 
trimethylsilyl iodide, aluminum chloride, tin (II) chloride, or trimethyl aluminum, preferably zinc 
iodide, or with catalytic potassium cyanide and 18-crown-6, and trimethylsilyl cyanide, in a 
solvent such as acetonitrile, toluene, methylene chloride, ethyl acetate, isopropyl acetate, 
methyi-ferf-butyl ether, or tetrahydrofuran, preferably a mixture of acetonitrile and toluene, at 

25 a temperature between 0 and 100 °C, preferably at 50 °C, for a period of time between 1 and 
24 hours, preferably 5 hours, to afford a compound of formula XXVI I IA. ' 

Step 3 of Scheme 7A Is a hydrogenolysis reaction. A nitrile of formula XXVII IA is 
treated with an acid catalyst such as p-toluenesulfonic acid, methane sulfonic acid,' 
hydrochloric acid, sulfuric acid, phosphoric acid, or trifluoroacetic acid, preferably hydrochloric' 

30 acid, and a palladium catalyst such as palladium on carbon or palladium hydroxide on carbon, 
preferably palladium hydroxide on carbon, in a solvent such as methanol, ethanol, 
isopropanol, butanol, propanol, ethyl acetate, isopropyl acetate, or toluene, preferably 
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methanol, under a hydrogen pressure of 15 to 100 psi, preferably 50 psi, for a time period 
between 2 and 72 hours, preferably 24 hours, to afford a compound of formula XXIXA. 

Step 4 of Scheme 7A is an amide formation. An amine of formula XXIXA Is treated 
with a base such as sodium ferf-butoxide, sodium methoxide, sodium ethoxide, sodium 
5 hydroxide, potassium ferf-butoxide, potassium methoxide, potassium ethoxide, potassium 
hydroxide, sodium carbonate, potassium carbonate, cesium carbonate, sodium hydride, 
triethylamine, methylimidazole, lutidine, pyridine, methylmorpholine, ethylmorpholine, or 
diisopropylethylamine, preferably sodium tert-butoxide, in a solvent such as methanol, 
ethanol, isopropanol, ethyl acetate, acetonitrile or toluene, preferably methanol, at a 

10 temperature between 0 and 120 °C, preferably 65 °C, for a time period between 30 minutes 
and 72 hours, preferably 2 hours, to afford a compound of formula XXX. 

Step 5 of Scheme 7A is a reduction of an amide. An amide of formula XXX is treated 
with a reducing agent such as borane tetrahydrofuran complex, diborane, borane 
dimethylsulfide complex, lithium aluminum hydride, or a combination of sodium borohydride 

15 and boron trifiuoride, preferably lithium aluminum hydride, in a solvent such as 
tetrahydrofuran, 1 ,2-dimethoxyethane, 1,2-diethoxyethane, diisopropyl ether, 1,4-dioxane, or 
methyl-ferf-butyl ether, preferably tetrahydrofuran, at a temperature between 0 and 80 °C, 
preferably 50 °C, for time period between 1 and 24 hours, preferably 5 hours. The product is 
isolated by crystallization as a salt of an acid such as p-toluenesulfonic acid, methane sulfonic 

20 acid, hydrochloric acid, oxalic acid, citric acid or acetic acid, preferably p-toluenesulfonic acid, 
in a solvent such as isopropanol, hexane, acetone, ethyl acetate, methyl ethyl ketone, or 
toluene, preferably isopropanol, to afford the salt form of compound of formula IG or III. 

Scheme 8, 9 and 10 illustrate methods of preparing compounds of the formula I 
wherein R 1 is hydrogen, and R 2 and R 3 represent a variety of different substituents, as 

25 defined above, but do not form a ring. 

Scheme 8 illustrates a variation of the process shown in Scheme 7, which can be used 
to make a compound identical to that of formula III except that the benzo ring is substituted with a 
fluoro group, an alkoxy group or any other suitable R 2 and/or R 3 group (R 24 in Scheme 8). This 
compound is depicted in Scheme 8 as chemical structure IH. Referring to Scheme 8, where, for 

30 example, R 24 is F, 1,3-difluorobenzene is reacted with a strong base such as an alkali metal 
dialkylamine or an alkali metal alkyl (or aryl) in an ethereal solvent such as ethyl ether or THF, at 
a temperature below -50°C, followed by quenching with iodine or N-iodosuccinamide, to form 
1 ,3-difiuoro-2-iodobenzene. The compound 1 ,3-difluoro-2-iodobenzene (structural formula XVI in 
Scheme 8) is then converted into the compound of formula IH by a series of reactions 

35 (represented in Scheme 8 as XVI-»XVII->XVIII-»XIX-»IH) that, are analogous to the series of 
reactions described above and illustrated in Scheme 7 or Scheme 8A for converting compounds 
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of the formula XIII into those of the formula IG or III. Conversion of the compound of formula XVI 
into the compound of formula XVII can also be accomplished by treating a mixture of the 
compound of formula XVI and cyclopentadiene with an alkyl lithium reagent, preferably n-butyl 
lithium, in an inert hydrocarbon solvent such as petroleum ether, toluene or methyl cyclohexane, 
• 5 at a temperature from about -20°C to about room temperature, preferably at about: o°C. This 
procedure is equally effective to effect the conversion as set forth in Scheme 7 with or without the 
R 24 group present 

The compound of formula IH can then be converted into the corresponding nitrogen 
protected derivative of formula XX, using the methods described above for synthesizing the 

10 compound of formula IV in Scheme 1. Nitration of the compound of formula XX using the 
method described above for preparing the compound of formula IX in Scheme 6, yields the 
compound of formula XXI wherein the benzo ring is substituted with both a fluoro and nitro group, 
an alkoxy group and nitro group, or an R 24 substituent and a nitro group. The compound of 
formula XXI can be used to make a variety of compounds of the formula I wherein one of R 2 and 

15 R 3 is fluoro, using methods that are well known to those of skill in the art, for example, by first 
converting the nitro group to an amino group, converting the amino group to a variety of other 
substltuents, as illustrated in Scheme 10, and then removing the nitrogen protecting group. 

The compound of formula XXI acts as a regioisomeric functional equivalent of the 
compounds having formulas IIA, VIA and XXII, in that the fluorine atom of formula XXI reacts 

20 similarly to the nitro and Y groups of formula IIA, VIA, and XXII, and thus can be subjected to the 
same series of reactions as those described above for the latter three compounds, providing an 
alternate means for preparing the products of such reactions. Similarly, the alkoxy group of 
formula XXI (R 24 =alkoxy) may be converted into a hydroxyl group before or after introduction of 
the nitro group, and then converted to isomeric products as described above. Also, the 

25 trifluoromethanesulfonate ester of such hydroxy derivative can act as a Y-group as described. 

Preparation of compounds of formula I where R 2 = -0(C r C 6 )alkyl, (CVCe) alkyl or aryl 
wherein aryl is defined as above in the definition of formula I, and R 3 is H or one of the other 
substltuents described above in the definition of formula I, can be prepared as described 
above and illustrated in Scheme 8 by replacing one of the fluorine atoms of the compound of 

30 formula XV with -0-(C 1 -C 6 )alkyi, (Cn-CsJalkyl or aryl, respectively. 

Scheme 8A illustrates an alternative procedure for obtaining compounds of formula I, 
where R 2 and R 3 are as defined above, with the exception of (C2-C 6 )alkenyl, (C 2 -C 6 )alkynyl or 
nitro (IH\ as depicted). Step 1 of Scheme 8A is an oxidation followed by a reductive 
amination. A benzonorbornadiene derivative of formula XVir is first treated with ozone until 

35 the solution develops a blue color between 0 °C and -78 °C, preferably -78 °C, in a solvent 
such as methanol, or dichloromethane, preferably methanol. The ozonide formed is reduced 
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by hydrogenolysis between -78 °C and room temperature, preferably between 0 °C and room 
temperature, with platinum or palladium catalyst such as platinum oxide, platinum on carbon, 
palladium on carbon, or palladium hydroxide on carbon, preferably 5% platinum on carbon, 
for a period of time between 5 minutes and 6 hours, preferably 1 hour, under a hydrogen 
5 atmosphere between 15 and 100 psi, preferably between 30 and 50 psi. Next, an 
arylmethylamine, such as benzylamine, 4-methoxybenzylamine, or 3,4- 
dimethoxybenzylamine, preferably benzylamine is added to the reaction mixture at room 
temperature with an acid catalyst such as formic acid, acetic acid, p-toiuenesulfonic acid, 
oxalic acid, or hydrochloric acid; preferably formic acid, and hydrogenolysis is resumed for a 
10 period of time between 1 and 12 hours, preferably 4 hours, at a hydrogen pressure between 
15 and 100 psi, preferably 50 psi, to afford a compound of formula XIX', where Ar is an aryl 
group. 

Step 2 of Scheme 8A is a hydrogenolysis reaction. A compound of formula II is 
treated with an acid such as p-toluenesulfonic acid, hydrochloric acid, sulfuric acid, acetic 

15 acid, formic acid, or methane sulfonic acid, preferably p-toiuenesulfonic acid, and a palladium 
catalyst such as palladium hydroxide on carbon or palladium on carbon, preferably palladium 
hydroxide on carbon, in a solvent such as methanol, ethanol, isopropanol, ethyl acetate, or 
methyl acetate, preferably methanol, under a hydrogen pressure between 15 and 100 psi, 
preferably 50 psi, at a temperature between room temperature and 60 °C, preferably 40 °C, 

20 for a period of time between 1 and 48 hours, preferably 15 hours. The product is crystallized 
as a salt depending on which acid catalyst is used in a solvent such as isopropanol, hexane, 
acetone, ethyl acetate, methyl ethyl ketone, or toluene, preferably in a mixture of isopropanol 
and hexane, to afford a compound of formula IH\ 

Scheme 9 illustrates methods of preparing compounds of the formula I wherein: (a) R 1 is 

25 hydrogen and R 2 is R 13 R 14 N0 2 S-; (b) R 1 and R 2 are both chloro; and (c) R 1 is hydrogen and R 2 is 
R 19 C(=0)-. These compounds are referred to in Scheme 9, respectively, as compounds of 
formulas IJ, IK and IL. 

Referring to Scheme 9, compounds of the formula IJ can be prepared by reacting the 
compound of formula IV with two or more equivalents of a halosulfonic acid, preferably 
30 chlorosulfonic acid, at a temperature from about 0°C to about room temperature. Reaction of 
the chlorosulfonic acid derivative so formed with an amine having the formula R 13 R 14 NH, 
wherein R 13 and R 14 are defined as above, followed by removal of the nitrogen protecting 
group, yields the desired compound having formula IJ. 

Compounds of the formula IK can be prepared by reacting the compound of formula 
35 IV with iodine trichloride in a chlorinated hydrocarbon solvent, followed by removal of the 
nitrogen protecting group. The reaction with iodine trichloride is typically- carried out at a 
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temperature from about 0°C to about room temperature, and is preferably earned out at about 
room temperature. In a similar fashion, the analogous mono- or di-brominated or mono- or di- 
iodinated compounds can be prepared by reacting the compound of IV with N- 
iodosuccinamide or N-bromosuccinimide in a trifluoromethanesulfonic acid solvent, followed 
5 by removal of the nitrogen protecting group as described above. 

Reaction of the compound of IV with an acid halide of the formula R 19 COCI or an acid 
anhydride of the formula (R 19 CO) 2 0, with or without a reaction inert solvent such , as a 
chlorinated hydrocarbon solvent, preferably methylene chloride, in the presence of Lewis acid 
such as aluminum chloride, at a temperature from about 0°C to about 100°C, followed by 

10 nitrogen deprotection, yields the compound of formula IL The reaction with the acid halide or 
anhydride can be carried out using other known Lewis acids or other Friedel-Crafts acylation 
methods that are known in the art. 

The reactions described herein in which -N0 2f -S0 2 NR 13 R 14 , -COR 19 , I, Br or CI are 
introduced on the compound of formula IV, as depicted in Scheme 9 and described above, 

15 can be performed on any analogous compound wherein R 2 is hydrogen, (C r C 6 )alkyl, halo, 
(C r C 6 )alkoxy or -NHCONR 13 R 14 , producing compounds of the formula I wherein R 2 and R 3 
are defined as in the definition of compounds of the formula I above. 

Compounds that are identical to those of the formula IL, but which retain the nitrogen 
protecting group, can be converted into the corresponding O-acyl substituted compounds, Le., 

20 those wherein the -C(=0)R 19 group of formula IL is replaced with a -0-C(=0)R 19 group, using 
Baeyer-Villiger processes well known to those skilled in the art. The resulting compounds can 
be partially hydrolyzed to yield the corresponding hydroxy substituted compounds, and then 
alkylated to form the corresponding alkoxy substituted compounds. Also, such O-acyl 
substituted compounds can be used to prepare variably substituted benzisoxazoles. 

25 Scheme 10 illustrates methods of making compounds of the formula I wherein: (a) R 1 is 

hydrogen and R 2 is chloro; (b) R 1 is hydrogen and R 2 is cyano; (c) R 1 is hydrogen and R 2 is 
amino; (d) R 1 is hydrogen and R 2 is R 13 C(=0)N(H)-; (e) R 1 is hydrogen and R 2 is fluoro; (f) R 1 is 
hydrogen and R 2 is bromo; and (g) R 1 is hydrogen and R 2 and R 3 , together with the benzo ring to 
which they are attached, form a quinoline ring system.. These compounds are referred to in 

30 Scheme 1 0, respectively, as compounds of the formula IM, IN, IP, IQ, IR, IS, and IT. 

Compounds of formula IM can be prepared from compounds of the formula IX' by 
generation of a diazonium salt with, for instance, an alkali metal nitrite and strong mineral acid 
(e.g. , hydrochloric acid, sulfuric acid, hydrobromic acid) in water, followed by reaction with a 
copper halide salt, such as copper (I) chloride. Nitrogen deprotection by the methods 

35 described above yields the desired compound of formula IM. Alternative methods for the 
generation of diazonium salts, as known and practiced by those of skill in the art, can also be 



WO 2005/007630 



PCT/IB2004/002280 



-26- 

used. The foregoing reaction is generally carried out by temperatures ranging from about 0°C 
to about 60°C, preferably about 60°C for about 15 minutes to one hour. 

Reaction of the diazodium salt, prepared as. described above, with potassium iodide 
in an aqueous medium provides the analogous iodide derivative. This reaction is generally 
5 carried out at a temperature from about 0°C to about room temperature, preferably at about 
room temperature. The resulting compound, or its analogous N-tert-butylcarbonate protected 
form, can be used to prepare the corresponding cyano derivative by reaction with copper (I) 
cyanide and sodium cyanide in DMF, N,N-dimethylpropylurea (DMPU) or DMSO, preferably 
DMF, at a temperature from about 50°C to about 180°C, preferably about 150°C. Nitrogen 
10 deprotection as described above provides the desired compound of formula IM. 

The above described iodide derivative can also be used to access a variety of other 
substituents such as aryl, acetylene and vinyl substituents, as well as the corresponding 
carbonyl esters and amides, by palladium and nickel catalyzed processes known to those of 
skill in the art, such as Heck, Suzuki and Stille couplings and Heck carbonylations. These 
15 compounds and others, wherein R 2 is halo, alkyl, alkoxy, etc., may be similarly functionalized 
to generate compounds wherein R 2 and R 3 are as defined above. 

Reaction of the diazodium salt, prepared as described above, with hydrofluoric acid 
pyridine complex provides the analogous fluoride derivatives. This reaction is generally 
carried out at a temperature from about 0°C to about 100°C, preferably at about 60°C. 
20 Nitrogen deprotection as described above provides the desired compound of formula IR. 

Reaction of the diazodium salt, prepared as described above, followed by reaction 
with a copper halide salt, such as copper (I) bromide provides the analogous bromide 
derivatives. Nitrogen deprotection by the methods described above yields the desired 
compound of formula IS. 

25 Nitrogen deprotection of the compound of formula IX' provides the compound of the 

formula IP. The compound of formula IX' can be reacted with a acyl group having the formula 
R 19 COCI or (R 19 CO) 2 0 using the methods described above, followed by nitrogen deprotection 
to provide compounds of the formula IQ. In a similar fashion, treatment of the protected 
amine with a compound having the formula R 19 S0 2 X, when X is chloro or bromo, followed by 

30 nitrogen deprotection, provides the corresponding sulfonamide derivative. 

Reaction of the compound of formula IX' with glycerol in the presence of an oxidizing 
agent such as iodine in mineral acid, preferable sulfuric acid at a temperature between room 
temperature and 200°C, preferable 170°C provides a compound of formula IT where R 16 and 
R 23 are hydrogen. Compounds of formula IT where R 16 and R 23 are as defined above can be 

35 prepared by those skilled in the art. For example, a compound of formula IT where R 16 is 
methyl and R 23 is H can be prepared by reacting a compound of formula IX* with 



WO 2005/007630 



-27- 



PCT/1B2004/002280 



15 



20 



25 



30 



35 



crotonaldehyde in the presence of iron trichloride hexahydrate and zinc ch.oride. This 
react™ is carried out in a suitable inert reaction solvent, preferable ethanol at a temperature 
between room temperature and the reflux temperature of the solvent,- preferable at 40'C 
Removal of the nitrogen protecting group using conditions as defined above provides the 
5 desired compound of formula IT. 

As noted above, suitable amine protecting groups that can be used, alternatively in 
the procedures described throughout this document include -COCF 3 -COCCI 
-COOCH 2 CCI 3 , -COO(C,-C 6 )alkyl and -COOCH r h tk^ ^ou 3 . 

. M ^ v 1 ^ a,Kyi ana c OOCH 2 C 6 H 5 . These groups may be removed by 
methods descnbed for each in Greene. * a/., Protege Groups in O^ic Cnernis^, 
referred to above. Instances where protecting groups would be modified under the reaction 
condrtions, such as. e.g.. a -COOCH 2 C 6 H 5 group during nitration, still permit said procedures 
to operate as described with said modified protecting group. ModHying the order of protecting 
group .corporation and/or methods of functional group introduction or modification may also 
be applied where appropriate. 

In each of the reactions discussed above; or illustrated in Schemes 1-10 above 
pressure is not critical unless otherwise indicated. Pressures from about 0.5 atmospheres to 
about 5 atmospheres are generally acceptable, with ambient pressure, i.e., about 1 atmosphere 
being preferred as a matter of convenience. 

The compounds of the formula . and their pharmaceutical* acceptable salts (hereafter 
the active compounds") can be administered via either the oral, transdermal (e.g., through the 
use of a patch), intranasal, subungual, rectal, parenteral or topical routes. Transderma. and oral 
adn™ are preferred. Tnese compounds are. most desirably, administered in dosages 
rang,ng from about 0.01 mg up to about 1 500 mg per day, preferably from about 0, to about 300 
mg per day ,n single or d'rvided doses, although variations wi.i necessariiy occur depending upon 
^ wergh, and condKion of the subject being treated and the particu,ar route of 
chosen. However, a dosage ,evel that is in the range of about 0.001 mg to about 10 mg per k g of 
body werght per day is most desirably emp,oyed. Variations may nevertheless occur depending 
upon the we l9 ht and condition of the persons being treated and their individual responses to said 
medicament, as weli.as on the type of pharmaceutical formulation chosen and the time period 
and ,n erva, during which such administration is earned out. In some instances, dosage Lis 

larger doses may be emptoyed without causing any harmful side effects, proved that such 
larger doses are first divided into several small doses for administration throughout the day 

The active compounds can be administered alone or in combination with 
Pharmaceuticaliy acceptable earners or diluents by any of the several routes previously indicated 
More particularly, the active compounds can be administered in a wide variety of different dosage 
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forms, e.g., they may be combined with various pharmaceutical^ acceptable inert carriers in the 
form of tablets, capsules, transdermal patches, lozenges, troches, hard candies, powders, 
sprays, creams, salves, suppositories, jellies, gels, pastes, lotions, ointments, aqueous 
suspensions, injectable solutions, elixirs, syrups, and the like. Such carriers include-solid diluents 
5 or fillers, sterile aqueous media and various non-toxic organic solvents. In addition, oral 
pharmaceutical compositions can be suitably sweetened and/orflavored. -In general, the active 
compounds are present in such dosage forms at concentration levels ranging from about 5.0% to 
about 70% by weight 

For oral administration, tablets containing various excipients such as microcrystalline 

10 cellulose, sodium citrate, calcium carbonate, dicalcium phosphate and glycine may be employed 
along with various disintegrants such as starch (preferably com, potato or tapioca starch), alginic 
acid and certain complex silicates, together with granulation binders like polyvinylpyrrolidone, 
sucrose, gelatin and acacia. Additionally, lubricating agents such as magnesium stearate, 
sodium lauryl sulfate and talc can be used for tabletting purposes. Solid compositions of a 

15 similar type may also be employed as fillers in gelatin capsules; preferred materials in this' 
connection also include lactose or milk sugar, as well as high molecular weight polyethylene 
glycols. When aqueous suspensions and/or elixirs are desired for oral administration the active 
ingredient may be combined with various sweetening or flavoring agents, coloring matter and, if 
so desired, emulsifying and/or suspending agents, together with such diluents as water, ethanol, 

20 propylene glycol, glycerin and various combinations thereof. 

For parenteral administration, a solution of an active compound in either sesame or 
peanut oil or in aqueous propylene glycol can be employed. The aqueous solutions should be 
suitably buffered (preferably pH greater than 8), if necessary, and the liquid diluent first rendered 
isotonic. These aqueous solutions are suitable for intravenous injection purposes. The oily 

25 solutions are suitable for intraarticular, intramuscular and subcutaneous injection purposes. The 
preparation of all these solutions under sterile conditions is readily accomplished by standard 
pharmaceutical techniques well known to those skilled in the art. 

It is also possible to administer the active compounds topically and this can be done by 
way of creams, a patch, jellies, gels, pastes, ointments and the like, in accordance with standard 

30 pharmaceutical practice. 

Biological Assay 

The effectiveness of the active compounds in suppressing nicotine binding to specific 
receptor sites is determined by the following procedure which is a modification of the methods of 
Lippiello, P. M. and Femandes, K. G. (in The Binding of L-fH]Nicotin$ To A Single Class of High- 
35 Affinity Sites in Rat Brain Membranes, Molecular Pharm., 29 % 448-54, (1986)) and Anderson, D. 
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J. and Arneric, S. P. (in Nicotinic Receptor Binding of 3 H-Cystisine, 3 H-Nicotine and 
3 H-Methylcarmbamylcholine In Rat Brain, European J. Pharm., 253, 261-67 (1994)). 

Procedure 

Male Sprague-Dawley rats (200-300 g) from Charles River were housed in groups in 
5 hanging stainless steel wire cages and were maintained on a 12 hour light/dark cycle (7 a.m.-7 
p.m. light period). They received standard Purina Rat Chow and water ad libitum. 

The rats were killed by decapitation. Brains were removed immediately following 
decapitation. Membranes were prepared from brain tissue according to the methods of Lippiello 
and Fernandez (Mol. Pharmacol, 29, 448-454 (1986)) with some modifications. Whole brains 
10 were removed, rinsed with ice-cold buffer, and homogenized at 0° in 10 volumes of buffer (w/v) 
using a Brinkmann Polytron™, setting 6, for 30 seconds. The buffer consisted of 50 mM Tris HCI 
at a pH of 7.5 at room temperature. The homogenate was sedimented by centrifugation (10 
minutes; 50,000 x g; 0 to 4°C. The supernatant was poured off and the membranes were gently 
resuspended with the Polytron™ and centrifuged again (10 minutes; 50,000 x g; 0 to 4°C). After 

15 the second centrifugation, the membranes were resuspended in assay buffer at a concentration 
of 1.0g/100mL The composition of the standard assay buffer was 50 mM Tris HCI, 120 mM 
NaCI, 5 mM KCI, 2 mM MgCI 2l 2 mM CaCI 2 and has a pH of 7.4 at room temperature. 

Routine assays were performed in borosilicate glass test tubes. The assay mixture 
typically consisted of 0.9 mg of membrane protein in a final incubation volume of 1.0 mL Three 

20 sets of tubes were prepared wherein the tubes in each set contained 5Q\lL of vehicle, blank, or 
test compound solution, respectively. To each tube was added 200 nL of fHJ-nicotine in assay 
buffer followed by 750 \il of the membrane suspension. The final concentration of nicotine in 
each tube was 0.9 nM. The final concentration of cytosine in the blank was 1 ^iM. The vehicle 
consisted of deionized water containing 30 \iL of 1 N acetic acid per 50 mL of water. The test 

25 compounds and cytosine were dissolved in vehicle. Assays were initiated by vortexing after 
addition of the membrane.suspension to the tube. The samples were incubated at 0 to 4° C in an 
iced shaking water bath. Incubations were terminated by rapid filtration under vacuum through 
Whatman GF/B™ glass fiber filters using a Brandel™ multi-manifold tissue harvester. Following 
the initial filtration of the assay mixture, filters were washed two times with ice-cold assay buffer 

30 (5 m each). The filters were then placed in counting vials and mixed vigorously with 20 ml of 
Ready Safe™ (Beckman) before quantification of radioactivity. Samples were counted in a LKB 
Wallach Rackbeta™ liquid scintillation counter at 40-50% efficiency. All determinations were in 
triplicate. 
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Calculations 

Specific binding (C) to the membrane is the difference between total binding in the 
samples containing vehicle only and membrane (A) and non-specific binding in the samples 
containing the membrane and cytisine (B), i.e., 
5 , Specific binding = (C) = (A) - (B). 

Specific binding in the presence of the test compound (E) is the difference between the 
total binding in the presence of the test compound (D) and non-specific binding (B), Le,, (E) = (D) 
-(B). 

% Inhibition = (1-((E)/(C)) times 100. 
10 The compounds of the invention that were tested in the above assay exhibited ICso 

values of less than 10 nM, 

The following experimental examples illustrate, but do not limit the scope of, this 
invention. 

EXAMPLES 

15 The following examples illustrate the methods and compounds of the present 

invention. It will be understood, however, that the invention is not limited to the specific 
Examples. In the examples, commercial reagents were used without further purification. 
Purification by chromatography was done on prepacked silica columns from Biotage (Dyax 
Corp, Biotage Division, Charlottesville, VA). Melting points (mp) were obtained using a 

20 Mettier Toledo FP62 melting point apparatus (Mettler-Toledo, inc., Worthington, OH) with a 
temperature ramp rate of 10°C/min and are uncorrected. Proton nuclear magnetic resonance 
( 1 H NMR) spectra were recorded in deuterated solvents on a Varian INOVA400 (400 MHz) 
spectrometer (Varian NMR Systems, Palo Alto, CA). Chemical shifts are reported in parts per 
million (ppm, 5) relative to Me 4 Si (6 0.00). Proton NMR splitting patterns are designated as 

25 singlet(s), doublet (d), triplet (t), quartet (q), quintet (quin), sextet (sex), septet (sep), multiplet 
(m) apparent (ap) and broad (br). Coupling constants are reported in hertz (Hz). Carbon-13 
nuclear magnetic resonance ( 13 C NMR) spectra were recorded on a Varian INOVA400 (100 
MHz). Chemical shifts are reported in ppm (8) relatwe to the central line of the 1:1:1 triplet of 
deuterochloroform (8 77.00), the center line of deuteromethanol (8 49.0) or 

30 deuterodimethylsulfoxide (8 39.7). The number of carbon resonance's reported may not 
match the actual number of carbons in some molecules due to magnetically and chemically 
equivalent carbons and may exceed the number of actual carbons due to conformational 
isomers. Mass spectra (MS) were obtained using a Waters ZMD mass spectrometer using 
flow injection atmospheric pressure chemical ionization (APCI) (Waters Corporation, Milford, 

35 Mass). Gas chromatography with mass detection (GCMS) were obtained using a Hewlett 
Packard HP 6890 series GC system with a HP 5973 mass selective detector and a HP-1 
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/A Techn0 |ogies, Wilmington, DE). HPLC spectra 

(cr0SSl in k ea^^ 

wer e recorded on a Hewiett PacKard 1 100 sene H ^ 
4 , x1 50mmco,umn (AgiientTeCnoiog,^ ^ ifluoroacefic acid in water. A 
Soivent A is water. Soivent B is acetone B*~* C . ^ ^ ^ gt 

5 nnear gradient over four minutes was use . sto^ * 8 ^ ^ ^ A ^ 

0O/.A 900/cB, 1«C The eluent to 80%A. 10%B, 10%C and it was 

gr adient over one minute was used o return . n ^ ^ ^ 

LatthisuntH the run time equaied ten m,nutes. Roomte 

EXAME!=&-1 



* ^^^^^^^ - <2? : 

2-Phenylglutaric anhydnde (52.2 g. mjxture ^ allo wed 

mL^eatedinanoi.^ 

t0 cool to RT and was added to cooled soluton (.c^a ^ ^ for 2Q h . 

The mixture was poured over one ^ ^ (4 x 500 mL). The combined organic* were 
^.suKngmMure (5 00 mL) and orine (500 mL). Tne 

.ashed successively with sat. NaHC0 3 5W ^ ^ ^ g {8Q%) rf ^ m 

organic* were dried (Na^O,), Altered and cone n**e P 400 MHz) 
20 compoundasaorownoilwh™ 

08.02 (dd.1H. J =7.9,1.3^7.48(«.lH.-J^ 

(1H> d . j , 7 .9 Hz). 3.96. (t. IK J - 5-0 Hz). GCMS ^ 204 (M+ ). 

25 atteLSffl ,»^l-cart»yfc acid methyl ester (28.0 8. 0.137 m*) 

^1. 2 .^e«^P«- '^f ^ fe (0 , 21 9 . osa — , were 

or9 a„* ,ayer »as cashed «-* «* ^ ^ and ^cenWed to afford 34.5 g 
„00 mL). organs by *as ^^^^^to^pu^w: 'H NMR 

36 s^^ss:^-^--— ■* 
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C) 10-Aza-tricvclof6.3.2.0 2 ' 7 )triceca-2(7).3.5-triene 

Peariman's catalyst (20% Pd(OH) 2 -C (50% water), 17.22 g, 12.3 mmol) was added to a 
solution of 4-c^no-4-trimethylsilany^ acid me thyl 

ester (24.8 g, 812 mmol) in MeOH (400 mL) and 3M HCI (41 mL). This mixture was shaken 
5 under an atmosphere of hydrogen (50 psi) at 50 °C for a period of 20 h. The resulting solution 
was filtered through a pad of Celite™ and washed with MeOH (300 mL). Sodium ferf-butoxide 
(27.5 g, 286 mmol) was added and the resulting solution was stirred at RT for 20 h. The mixture 
was concentrated and the residue was dissolved in EtOAc (500 mL) and water (200 mL). The 
layers were partitioned and the aqueous layer was extracted with EtOAc (3 x 200 mL). The 
10 combined organics were washed with brine, dried (Na^C^), filtered and concentrated to afford 
11.2 g of lO^-tricyclofe.S^.O^Jtrideca^^^trien-Q-one as a white solid (GCMS m/z 187). 
Tetrahydrofuran (160 mL) was added to this white solid and the resulting slurry was heated in an 
oil bath at 45 °C. A solution of LiAIH 4 in THF (1M, 120 mmol, 120 mL) was added dropwise to 
this mixture over a period of 60 min. The resulting mixture was heated at 45 °C for 20h. Upon 
15 cooling to RT, a solution of water (8.65 mL) in THF (50 mL) was added dropwise to the mixture 
over a period of 120 min. and the resulting mixture was allowed to stir for 20 h. The solids were 
removed by filtration through a pad of Celite™ and the filter cake was washed with additional 
THF (200 mL). The filtrate was concentrated to afford 9.32 g (90%) of the title compound as an ' 
oil: 1 H NMR (CDCI 3 , 400 MHz) 6 7.19 (dd, 2H, J = 5.4, 3.3 Hz), 7.08 (dd, 2H, J = 5.4, 3.3 Hz), 
20 2.99-2.95 (m, 4H), 2.81-2.76 (m, 2H), 2.04-1.99 (m, 2H), 1.87-1.80 (m, 2H); 13 C NMR (CDCI 3 , 
100 MHz) 8 142.2, 126.8, 126.6, 52.9, 41.9, 27.1; APCI MS m/z 174.2 (M+1). 

EXAMPLE 2 

4>NITRQ>10- AZA-TRICYCLOr6.3.2.0 2 - 7 1TRIDECA-2(7V3.5-TRIENE 
A ) 1-(10-Aza-tricvclof6.3^ 

25 Trifluoroacetic anhydride (TFAA) (14.1 mL, 99.4 mmol) was slowly added to a 

solution of 10-aza-tricyclo[6.3.2.0 2 ' 7 ]trideca-2(7),3,5-triene (14.8 g, 85.5 mmol) and pyridine 
(16.1, 199 mmol) in CH 2 Ci 2 (270 mL) at 0 °C (ice bath). After -3 hours, the solution was 
poured into 0.5N aqueous HCI (100 mL) and the layers were separated. The aqueous layer 
was extracted with CHCI 3 (3 x 150 mL) and the combined organic layer was washed with 

30 1.0N aqueous HCI (25 mL), H 2 0 (50 mL), saturated aqueous NaHC0 3 solution (50 mL) and 
brine (50 mL). This solution was dried (Na 2 S04), filtered and concentrated. The residue was 
purified by chromatography, eluting with 5% EtOAC/Hexanes to afford 15.0 g (56%) of the 
title compound as a white solid: 1 H NMR (CDCI 3 , 400 MHz) 5 7.24-7.19 (m, 2H), 7.17-7.11 
(m, 2H), 4.17 (ddd, 1H, J = 13.7, 5.0, 0.8 Hz), 3.87 (ddt, 1H, J = 14.1, 5.0, 1.2 Hz), 3.5*1 (dd, 

35 1H, J = 14.1, 2.5 Hz), 3.41 (dd, 1H, J = 13.7, 2.9 Hz), 3.22-3.18 (m, 2H), 2.09^1.99 (m, 2H), 
1.84-1.74 (m, 2H); ,3 C NMR (CDCI 3 , 100 MHz) 5 157.4, 157.1, 141.8, 141.5, 127.6, 127.3, 
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126.5, 126.4, 121.2, 118.3. 115.5. 112.5. 52.5. 50.3. 38.7. 38.6. 24.9, 24.8; GCMS n* 269 
(M+ ' i f ,-Ku^in. g7a . t ri.vclor6.3.2.Q!: 7 1trir1nrn 2(7) ^-tripn-in-vtV?,2.2-tr.fluoro- 



25 



30 



B) 



35 



ethanone ... 

Nitric acid (0.8 mL, 12.3 mmol. 69%) was slowly added to a solution of H10«. 
tncyclo[6.3.2.0 2 >deca-2m (1.6 9, 3.71 mmol) n 

TFA (1 9 mL) at 0 -C (ice bath). The mixture was allowed to warm to RT and stirred for 4h at 
which time I was poured over CHC 3 (20 mL) and water (20 mL). The solution was 
neutralized with sat. NaHC0 3 (aq) and parfitioned. The aqueous layer was extracted wAh 
CHC.3 (3 x 20 mL). The combined organics were washed with water (20 mL) then bnne (20 
mL ) and dried (Na.30,), filtered and concentrated. The residue was purified by 
chromatography eluting with 15% EtOACHexanes to afford 931 mg (80%) of the 
compound as a glassy solid: 1 H NMR (CDCI, 400 MHz) 8 8.09 (ddd. 1H J = 83 3 7 2.5 
Hz) 8.01 (dd. 1H. J = 6.2, 2.5 Hz). 7.31 (ap t, 2H, J = 8.7 Hz). 4.18^.07 (m. ^3*^6 
(m. 1H), 3 57(dd. 1H, J - 14.1. 2.5 Hz), 3.53-3.45 (m. 1H), 3.38-3.34 (m, 2H), 2.15-2.05 (m. 
2H) 1 86-1 .75 (m, 2H); GCMS m/z 314 (M+). 

Q ,-M,^in. fl r a »ri C vcl 0 f6.3 1 ^TWflom 2j7J 3 S-triene hydrochloride 

H 4-Nitro-10-aza-tricyc^^ 
ethanone (90 mg. 0.29 mmol) was stirred with Na 2 C0 3 (61 mg, 0.57 mmol) in methanol (1.5 
mL) and H 2 Q (0.5 mL) at 70 °C for 18 hours. The mixture was concentrated, water was 
added and the product wasextracted with CH 2 CI, The organic layer was extracted with 1N 
aqueous HCI (3 x 20 mL) and the acidic layer washed with CH 2 CI 2 (2 x 20 mL). The aqueous 
,ayer was basified to pH -10 with Na 2 C0 3 (s) and product was extracted with CH 2 CI 2 (3 x 30 
mL) The organic .ayer was dried (Na 2 S0 4 ), filtered and concentrated to afford 53 mg of he 
title compound as the free base. This was dissolved in methane, and treated with 1N HC. m 
methanol, concentrated to solids to afford 41 mg (66%) of the title compound as an orange 
solid (mp = 252 °C). Free Base: 13 C NMR (CDCI, 100 MHz) 8 150.8. 147.0. 144.3. 127.2. 
122.3, 121.4, 52.3, 52.2, 41.9, 41.8, 26.0; GCMS m/z218 (M+). 

EXAMPLE 3 

§ methy! -^ l A. 7 . 1 .VDIAZATETRACmQI9^ 2 - 1 ° 0 4,8 1 HEXADECA - 
QM m 3 6 8-TETR AFNF HYDROCHLORIDE 
^^^^^ 

"^ydrogenation of H 4-nitro-10-aza-tricyclot6.3.2.0^deca-2(7).3,5-tnen-10-y.^ 
2 2 2-trifluoro-ethanone (3.4 g. 10.8 mmo.) under a H 2 atmosphere (50 psi) and 10%Pd/C 
(3 44 g) in ethane. (100 mL) over 15 hours, foltowed by filtration through Cehte™ and 
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concentration affords 2.84 g of the title compound as a yellow oil: 1 H NMR (CDCI 3 , 400 MHz) 
5 7.01-6.97 (m, 1H), 6.81-6.75 (m, 2H), 5.21 (br s, 1H), 4.22-4.09 (m, 1H), 3.88-3.79 (m, 1H), 
3.48-3.27 (m, 2H), 3.15-3.09 (m, 2H), 2.04-1.91 (m, 2H), 1.75-1.73 (m, 2H); GCMS m/z 284 
(M+). 

5 N-n0-Trifluo roacetvl-10-aza-tricvdor6.3.2.0^ 7 1trideca-2f7V3.5-tri 

acetamide 

1 -(4-Amino-1 0-aza-tricyclo[6.3.2.0 2 ' 7 ]trideca-2(7),3 l 5-trien-1 0-yl)-2,2,2-trifluoro- 
ethanone (637 mg, 2.24 mmol) was stirred in CH 2 CI 2 (20 mL) and treated with triethyl amine 
(0.37 mL, 2.7 mmol) and acetyl chloride (0.16 mL, 2.24 mmol) then stirred 18 hours at RT. 
10 Standard NaHC0 3 work-up provided the 730 mg (100%) of the title compound as a yellow oil 
which was used without further purification: GCMS m/z 326 (M+). 

N-(10-Trifluo rothioaretvl-10-aza-ta^ 

thioacetamide 

N-(1 0-TrifIuoroacetyl-1 0-aza-tricyclo[6.3.2.0^^ 

1 5 (730 mg, 2.24 mmol) and 2,4-bis(4-methoxyphenyl)-1 ,3-dithia-2,4-diphosphetane-2,4-disulfide 
(Lawesson's reagent) (1.81 g, 4.47 mmol) were combined in 1 ,2-dimethoxyethane (19 mL) 
and heated to 90 °C for 15 h. After cooling the reaction was concentrated and the residue 
was purified by chromatography (gradient elution with 6:1 , then 4:1 , then 2:1 Hexanes/EtOAc) 
to afford 594 mg (74% over two steps) of the title compound as an oil: GCMS m/z 358 (M+). 

20 D) 6-Methvl-5-thia-7.13-diaz atetra^^^ 

hydrochloride 

The above oil, 2,2,2-trifluoro-N-(10-^ 
2(7),3,5-trien-4-yl)-thloacetamide t (594 mg, 1.65 mmol) was dissolved in methanol (15 mL) 
and 1N NaOH (12 mL) and added to potassium ferrlcyanide (K 3 Fe(CN) 6 )(2.73 g, 8.3 mmol) in 

25 H z O (24 mL). This mixture was heated at reflux for 15 hours, cooled, concentrated and 
worked up with ethyl acetate/H 2 0. Purification by chromatography (gradient elution with 7.5:1 
CH 2 CI 2 saturated with NH 3 to 3:1 CH 2 CI 2 saturated with NH 3 ) afforded 33 mg (8%) of the title 
compound as its free base as a white solid: ! H NMR (CDCI 3 , 400 MHz) 6 7.65 (s, 1H), 7.53 
(s, 1H), 3.15 (s, 1H), 3.1 1 (s, 1H), 3.05-2.96 (m, 4H), 2.80 (s, 3H), 2.14 (ap d f 2H r J = 9.1 Hz), 

30 1.85 (ap dd, 2H, J = 10.8, 2.1 Hz); 13 C NMR (CDCI 3 , 100 MHz) 8 166.5, 152.7, 140.4, 139.3, 
134.1, 120.1, 119.0, 52.5, 41.0, 26.4, 26.3, 20.3; GCMS m/z 244 (M+). 

The above product was dissolved in acetone (10 mL) and treated with 2N HCI/ether 
(0.116 mL) and the resulting white solids were collected by filtration to afford the title 
compound. 
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EXAMPLE 4 

5 t 14-DlAZATETRACYCLOf1Q.3.2.0 2 ' 1 \0 4 ^HEPTADECA-2f11).3.5.7.9-PENTAENE 
HYDROCHLORIDE 

1 -(4-Amino-1 (Vaza-tricyclofe.a^.O^^trideca-ZCTJ^.S-trien-l 0~yl)-2,2,2-trifluoro- 
5 ethanone (450 mg, 1.58 mmol), glycerol (0.69 mL, 9.48 mmol), iodine (30 mg, 0.12 mmol) 
and concentrated sulfuric acid (1.0 mL, 19 mmol) were combined and heated at 170 °C for 1 
h. Upon cooling to RT, the mixture was poured onto ice and the pH was adjusted to pH 10 
with 1 N NaOH. This mixture was extracted with CHCI 3 (5 x .10 mL) and the combined 
organic layers were washed with brine (20 mL), dried (Na 2 S0 4 ), filtered and concentrated. 
10 Purification by chromatography (gradient elution with 10% MeOH/CHCI 3 sat. with NH 3 to 35% 
MeOH/CHCI 3 sat. with NH 3 ) afforded 195 mg (55%) of the title compound as if s free base. 
This material was treated with 1N HCI in MeOH (2.17 mL) and concentrated to a white solid, 
Recrystailization from MeOH/Et 2 0 afforded the title compound as a solid: 1 H NMR (CD 3 OD, 
400 MHz) 5 9.21-9.17 (M f 2H), 8.24 (s, 1H), 8.15 (s, 1H), 8.09 (dd, 1H, J = 8.5, 5.6 Hz), 3.77 
15 (br s, 1H), 3.73 (br s, 1H), 3.61-3.56 (m 2H), 3.45-3.38 (m, 2H), 2.40-2.36 (m, 2H), 2.02 (br d, 
2H, J = 1 1 .2 Hz); APCI MS m/z 225.2 (M + 1). 

EXAMPLE 5 

e-METHYL-S.U-DIAZATETRACYCLOflO.S^.O^^.O^^HEPTADECA^I^.S^^ .Q^ 
PENTAENE HYDROCHLORIDE 

20 A) 1-(6-Methvl-5:14-diazatetracvclori0.3.2.0 2 ' 11 .0 4 ' 9 lheptadeca-2f11).3.5.7.9- 

pentaene)-2.2.2-trifluoro-ethanone 

Crotonaldehyde (190 mg, 2.38 mmol), FeCI 3 -6H 2 0 (642 mg, 2.38 mmol) and ZnCI 2 
(21 mg, 0.16 mmol) were added to a solution of 1-(4-amino-10-aza-tricyclo[6.3.2.0 2,7 ]trideca- 
2(7),3,5-trien-10-yl)-2,2,2-trifIuoro^ethanone (450 mg, 1.58 mmol) in EtOH (6 mL) and the 

25 mixture was heated at 40 °C for 1 5 h. The mixture was concentrated and partitioned between 
ethyl acetate (10 mL) and water (10 mL). The aqueous phase was extracted with EtOAc 
(3x10 mL). The combined extracts were washed with brine, dried (Na 2 S0 4 ), filtered and 
concentrated. The residue was purified by chromatography to afford the 85 mg (16%) of the 
title compound as an oil: 1 H NMR (CDCI 3 , 400 MHz) 5 8.08 (d, 1H, J = 8.3 Hz), 7.93 (d, 1H, J 

30 = 2.9 Hz), 7.54 (d, 1H, J = 10.8 Hz), 7.30 (dd, 1H, J = 8.3, 1.7 Hz), 4.43-4.27 (m, 1H), 4.04- 
3.96 (m, 1H), 3.60-3.33 (m, 4H), 2.79 (s, 3H), 2.16-2.06 (m, 2H), 1.87-1.81 (m, 2H); GCMS 
m/z 334 (M+). 

SI — 6-Methyl-5J4-diazatetracvd ori0.3.2.0 2 ' 1 \0 4 ^heptadeca-2(11V3.5.7.9-p entapnp 
hydrochloride 

35 The Me compound was prepared from 1-(6-methyi-5,14- 

diazatetracyc!o[10.3.2.0 2 ' 1 V by 
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the method as described in Example 2C to afford 53 mg of a white solid: 1 H NMR (CDCI 3 , 400 
MHz) 6 7.96 (d, 1H, J = 8.3 Hz), 7.70 (s, 1 H), 7.43 (s f 1H), 7.20 (d, 1H, J = 8.3 Hz), 3.18-3.12 (m, 
2H), 3.07-2.92 (m, 4H), 2.71 (s, 3H), 2.13-2.09 (m, 2H), 1.93-1.85 (m, 2H); 13 C NMR (CDCI 3 , 100 
MHz) 5 1 58.3, 147.8, 145.3, 141.2, 135.8, 125.9, 125.2, 123.9, 121.5, 53.7, 53.6, 42.3, 41.8, 
5 26.6, 26.4, 25.5; GCMS m/z 238 (M+). 

EXAMPLE 6 

4-FLUORO-10-AZA-TRlCYCLOf6.3.2.0 27 1TRIDECA-2 t 4,6-TRiENE 
HYDROCHLORIDE 

A) 1-(4-Fluoro-10-aza-tricvclor6.3.2^ 
10 ethanone 

1 -(4-Amino-1 0-aza-tricyclo[6.3.2.0^ 7 ]to^ 
ethanone (476 mg, 1.67 mmol) was dissolved in HF-pyridine (70%, 2.05 mL, 151 mmol) and 
cooled to -78 °C. Sodium nitrite (127 mg, 1.84 mmol) was added and the mixture was 
allowed to warm to RT, then heated to 60 °C for 1 h (gas evolution). After cooling to RT, 
15 water (30 mL) and CHCI 3 (75 mL) were added and the aqueous layer was neutralized with 
solid NaHC0 3 . This mixture was filtered through Celite™ to remove all solids and partitioned. 
The aqueous layer was extracted with CHCI 3 (3 x 30 mL) and the combined organic extracts 
were washed with brine, dried (NaS0 4 ), filtered and concentrated. The crude residue was 
purified by chromatography (eluting with 10% EtOAc/Hexanes) to afford 230 mg (48%) of the 
20 title compound as a yellow oil: 1 H NMR (CDCI 3> 400 MHz) 6 7.10-7.04 (m, 1 H), 6.89-6.82 (m, 
2H), 4.08-4.03 (m, 1H), 3.83-3.77 (m, 1H), 3.56-3.42 (m, 2H), 3.21-3.14 (m, 2H), 2.06-1.96 
(m, 2H), 1 .80-1 .73 (m, 2H); GCMS m/z 287 (M+). 

B) 4-Fluoro-1 0-aza-tricvclor6.3.2.0 2 ' 7 1trideca-2.4.6-triene hydrochloride 
The title compound was prepared from 1-(4-fluoro-10-aza-tricyclo[6.3.2.0 2 ' 7 ]trideca- 
25 2(7),3,5-trien-10-yl)-2,2,2-trifluoro-ethanone (220 mg, 0.77 mmol) by the method as described 
in Example 2C to afford 140 mg of a white solid. Data for free base: 1 H NMR (CDCI 3 , 400 
MHz) 6 7.02-6.99 (m, 1H), 6.86-6.78 (m, 2H), 2.98-2.89 (m, 4H), 2.81-2.75 (m, 2H), 2.03-1.98 
(m, 2H), 1.79-1.76 (m, 2H), 1.58 (br s, 1H); 13 C NMR (CDC( 3 , 100 MHz) 6 163.1, 160.6, 144.4, 
144.3, 137.9, 127.7, 127.6, 113J, 113.5, 113.0, 112.8, 52.9, 52.7, 42.1, 41.2, 27.0, 26.6; 
30 GCMS m/z 191 (M+). 
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EXAMPLE 7 

4-CHLORO-irMZATRICYCI O ffi g 2 gfgRiDEC^ 2, 1 nTPfrnr 
HYDROCHLORIDE ~ 

. } ^ fcfl^^ 2 Qg^tndeca^T) 3 mtltlShMJL g^yor^ 

> ethanone — 

Co P per(l)ch.oride (CuCI) was prepared as follows: CuS0 4 (4.3 g) and Nad (1 2 g) 

Zl»uT ' m , hot H2 ° (14 mL) - sodium bisu,fite (NaHS03) (1 * and ~ 

(NaOH) (690 mg) were dissolved in H 2 Q (7 mL) and added to the hot acidic solution over 5 
minutes. The precipitated white solids were filtered and washed with water 

1-(4-Amino-1(Wtnc W ^ 
ethanone (200 mg, 0.7 mmoi) was dissoived in H 2 D (1.2 mL) and concentrated HC, 
solut,on(1 .2 mL) then cooled to 0 'C and treated with a solution of sodium nKrite (NaNO z ) (97 
mg, 1.41 mmol) in H 2 D (0.5 mL) dropwise. To the resulting solution was added a Cud (1 47 
mg, prepared as described above, 1.48 mmol) in concentrated HCI solution (0.6 mL) over 10 
m,nutes (gas evolution observed). The resulting solution was warmed to 60 °C for 90 
minutes .then was cooled toroom temperature, diluted with water (20 mL) and extracted with 
CHCIa (4 x 30 mL). The combined organic extracts were washed with sat. NaHC0 3 then 
brine and dried (Na 2 SO<), filtered and concentrated. The residue was purified by 
chromatography (eluting with 10% EtOAc/hexanes) to afford 80 mg of the titie compound as 
an oil: H NMR (CDCI 3 , 400 MHz) 5 7.19-7.11 (m, 2H), 7.08-7.04 (m, 1H), 4.18-4.12 (m 1H) 
3*7-3.82 (m, 1H), 3.52-3.46 (m. 1H), 3.43-3.35 (m. 1H). 3.21-3,4 (m, 2H), 2.08- 1.97 (m 
2H), 1.80-1 .72 (m,2H);GCMSm/z 303 <M+). ^ 
B) 4-Chloro-10-a7atrir Y rlnfR 3 2 0^rindeca-2(7L3.5-triene h^drochjorige 

om + JH* ^ COmP ° Und ^ PrePared ^ 1 -( 4 ' chloro - 10 -^-tricyc.o[6.3.2.0 2 .>-deca- 
2(7).3,5-tnen-10-yl ) -2.2,2-trif l uoro^thanone (76 mg. 0.25 mmo.) by the method as described 
<n Example 2C to afford 46 mg of a white solid. Data for free base: « H NMR (CDCI 3 400 
MHz) , 7,4 (dd. 1H, J - 7.9. 2, Hz). 7.07 (d. 1H. J = 2, Hz). 7.00 (d. 1HL J . 7.9 Hz) 2 97- 

r^T 2-83 " 2 78 ^ 2H) ' ^ S> 1H) ' 2 -° 5 - 2 -°° (m - 2H >" ^ <* * 2H, J = 10 8 
Hz);GCMSm/z207(M+). 

EXAMPLE R 

^RQMQdM2AT£jC mQI6m^ 
HYDROCHLORIDE 

, ^ l ^-Bromo-IO-^a-tricyclore.a ? 0* 3 .5-trien-m...^ o 

ethanone 

1-(4-Amino-10-aza-^ 

ethanone (223 mg. 0.785 mmol) was dissolved in H 2 Q (1.6 mL) and HBr (48% in H 2 0. 1.6 
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mL) and treated with a solution of sodium nitrite (NaN0 2 ) (108 mg, 1.57 mmol) in H 2 0 (0.5 
mL) dropwise. The resulting yellow solution was added to a solution of CuBr (236 mg, 1 .65 
mmol) in 48% HBr (aq) solution (1.0 mL) at 0 °C. The resulting solution was warmed to 70 °C 
for 90 minutes (gas evolution), then was cooled to room temperature, diluted with water (20 
5 mL) and extracted with CHCI 3 (4 x 30 mL). The combined organic extracts were washed w\\h 
sat. NaHC0 3 then brine and dried (Na 2 S0 4 ), filtered and concentrated. The residue was 
purified by chromatography (eluting with 10% EtOAc/hexanes) to afford 68 mg of the title 
compound as an oil: 1 H NMR (CDCI 3l 400 MHz) 5 7.35-7.26 (m, 2H), 7.03-6.98 (m, 1H), 4.19- 
4.14 (m, 1H), 3.88-3.82 (m, 1H), 3.51-3.46 (m, 1H), 3.40-3.33 (m, 1H), 3.20-3.14 (m, 2H), 
10 2.07-1.97 (m, 2H), 1.79-1.72 (m, 2H); GCMS m/z 347/349 (M+). 

B) 4-Bromo-10-a2atrif: yclor6.3.2.0 2 - 7 ]dodeca-2r7V3.5-triene hydrochloride 
The title compound was prepared from 1-(4-bromo-10-aza-tricyclo[6.3.2.0 2,7 ]trideca- 
2(7),3 f 5-trien-10-yl)-2 f 2 r 2-trifluoro-ethanone (60 mg, 0.17 mmol) by the method as described 
in Example 2C to afford 42 mg of a white solid. Data for free base: 1 H NMR (CDCI 3 , 400 
15 MHz) 6 7.29 (dd, 1H, J = 7.9, 2.1 Hz), 7.22 (d, 1H, J = 2.1 Hz), 6.95 (d, 1H, J = 7.9 Hz), 2.98- 
2.90 (m, 4H), 2.82-2.77 (m, 2H), 2.04-2.00 (m, 2H), 1 .81 -1 .77 (m, 2H), 1 .65 (br s, 1 H); GCMS 
m/z 251/253 (M+). 

EXAMPLE 9 

lO-AZA-TRICYCLQfe.S^.O^ITRIDECA^^.e-TRlENE^-CARBONITRILE 

20 & 1-(4-lodo-10-aza-tric^^ 

ethanone 

1-(4-Amino-10-aza-tricy^ 
ethanone (475 mg, 1.75 mmol) was dissolved in H 2 0 (5 mL) and concentrated H 2 S0 4 solution 
(0.5 mL) then cooled to 0 °C and treated with a solution of sodium nitrite (NaN0 2 ) (133 mg, 
25 1.93 mmol) in H 2 0 (2 mL) dropwise. Potassium iodide (434 mg, 2.62 mmol) in 1N H 2 S0 4 . 
_ solution (0.5 mL) was added over 10 minutes (reaction becomes dark red). The resulting 
solution was warmed to room temperature and stirred 18 hours. The reaction was quenched 
with NaHS0 3 and water (pH 2.5) then extracted with ethyl acetate (4 x 30 mL). After drying 
(Na 2 S0 4 ), the solution was filtered and concentrated to a yellow oil which was used without 
30 additional purification: GCMS m/z 395 (M+). 

B ) 4-lodo-10-aza-tricyclor6.3.2.0 2t7 1trideca-2f7y3.5-triene-10-carboxvlic acid tert-bnty f 

ester 

. 1-(4-lodo-10-aza-Wcyc)o[6.3.2^ 
ethanone (540 mg, 1,37 mmol) and 37% saturated aqueous NH 4 OH solution (5 mL) were 
35 stirred in methanol (25 ml) for 2 hours then concentrated and azeotroped with methanol (2x5 
mL). The resulting product was stirred in 1,4-dioxane (20 mL) and treated with saturated 
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Na2 C0 3 solution (20 mL). To this was added di-t-butyldicarbonate (594 mg, 2.72 mmol). After 
stirring 18 hours the reaction was treated with H z O (50 mL) and extracted with CH 2 CI 2 (4 x 30 
mL), dried (Na.80,). filtered, concentrated. The resulting oil was used without additional 

purification: GCMS m/z 399 (M+). 
5 cLi^mo^^^ 

butvl ester (Utilizing the methods described in: House, H. O.; Fischer, W. F. J. Org. Chem. 

1969, 3626.) 

CuCN (242 mg, 2.71 mmol) and KCN (176 mg, 2.71 mmol) were added to a solution 
of 4-iodo-10-aza-tricyclo[6.3.2.0 2 >idec a -2(7),3,5-triene-10- ra rboxylic acid tert-butyl ester 
10 (542 mg 1 .35 mmol) in DMF (10 mL) and the mixture was stirred for 18 hours at 150 °C. The 
reaction was coded and diluted with 50% saturated aqueous NaCI solution (25 mL) and 
extracted with 50% ethy. acetate/hexanes (2 x 50 mL). After drying (Na.80,), filtration and 
concentration the product was purified by chromatography (eluting with 25% EtOAc/Hexanes) 
to give 139 mg of the title compound as an oil: GCMS mlz 298 (M+). 
15 " n > tn-Aratricvclor* * 2 n^ltrideca-2 A ^"^ aroonitrile hydrochloride 

4-Cyano-10-aza-tricyclot6.3.2.0 2 V>deca-2(7),3,5-triene-10^arboxylic acid tert-butyl 

ester (130 mg 0 436) was treated with 3N HCI ethyl acetate (5 mL) and warmed to reflux for 

2 hours then concentrated, dissolved in a minimum of methanol which, was saturated with 
Et 2 0 and stirred 18 hours. The product was collected by filtration (80 mg). 1 H NMR (CDC! 3 , 

20 400 MHz) 5 7.47 (d, 1H, J = 7.5 Hz). 7.39 (s. 1H), 7.21 (d, 1H, J - 7.9 Hz), 3.34-3.20 (m, 4H), 

3 02 (ap d, 2H, J = 12.5 Hz), 2.20 (ap d, 2H, J = 9.5 Hz), 1.78 (ap d. 2H, J = 10.7 Hz); C 
NMR (CDC.3, 100 MHz) 8 145.3, 141.2, 132.2, 130.3, 127.9, 118.5, 111.7, 48.9, 48.7. 36.4, 
35.9, 24.0, 23.9; GCMS m/z 198 (M+). 

EXAMPLE 10 

25 M tn.*7ATR l CYCLP [ft * I n^TRIDECA-?^ 3 R-TRIEN-4-YI \\ -ETHANONE 

HYDROCHLORIDE 

ethanone 

1-(10-Aza-tricyclo[6.3.2.0 2 ' 7 ]trideca-2(7),3.5-trien-1 0-yl)-2.2,2-tnfluoro-ethanone (1 .0 
30 g 3 71 mmol) and AcCI (2.65 mL. 37.1 mmol) were dissolved in CH 2 Cl 2 (20 mL) and treated 
with aluminum chloride (AlCI 3 ) (2.47 g, 18.5 mmol). The resulting yellow mixture was stirred 
for 60 minutes then poured over ice and saturated aqueous NaHCO s solution. After stirring 20 
minutes the mixture was extracted with CH 2 CI 2 (3 x 30 mL). The organic layer was dned 
(Na 2 SO<), filtered and concentrated to a pale yellow oil: APCI MS mlz 312.3 (M + 1). 
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B) H10-Az3tricvcfof6.3.2^ hydrochloride 
The title compound was prepared from l^acetyl-IO-aza-tricyclofe.S^.O^jtrideca- 
2(7),3,5-trien-10-yl)-2,2,2-trifluoro-ethanone (1.15 mg. 3.71 mmol) by the method as 
described in Example 2C to afford 193 mg of a white solid. Data for free base: 1 H NMR 
5 (CD 3 OD, 400 MHz) 5 7.95 (dd, 1 H, J = 7.9, 1 .7 Hz), 7.89 (d, 1 H, J = 1 .2 Hz), 7.40 (d, 1 H, J = 
7.9 Hz), 3.45-3.28 (m, 6H), 2.61 (s, 3H), 2.23 (d, 2H, J = 9.1 Hz), 1.91-1.88 (m, 2H); 13 C NMR 
(CD3OD, 100 MHz) 5 199.0, 144.8, 139.8, 137.2, 128.4, 127.4, 126.9, 49.6, 49.4, 36.4, 25.6, 
25.0, 24.9; GCMS m/z 215 (M+). 

EXAMPLE 11 

10 4,5-PINITRO-10-AZA-TRICYCLOr6.3.2.0 2t7 1TRIPECA-2(7).3.5-TRIENE 

A) 1-(4,5-Pinitro-10-aza-tric^ 
ethanone 

(Based on the method described in Coon, C. L; Blucher, W. G.; Hill, M. E. J. Org. 
Chem., 25, 4243 (1973). For an additional related example of dinitration, see: Tanida, H.; 

15 Ishitobi, K; Irie, T.; Tsushima, T. J. Am. Chem. Soc. 97, 4512 (1 969).) 

Nitric acid (0.392 ml, 8.35 mmol) was slowly added to a solution of 
trifluoromethanesulfonic acid (1.48 ml, 16.7 mmol) in CH 2 CI 2 (10.4 ml) at 0 °C with stirring, 
generating a white precipitate. After 10 minutes, 1-(10-aza-tricyclo[6.3.2.0 2,7 ]trideca-2(7),3,5- 
trien-10-yl)-2,2,2-trifluoro-ethanone (977 mg, 3.63 mmol) in CH 2 CI 2 (5.6 ml) was added 

20 dropwise from an addition funnel over 30 minutes. The reaction was allowed to warm to RT 
and stirred for 4 h at which time additional nitric acid (0.392 mL) and trifluoromethanesulfonic 
acid (1.48 mL) were added. The mixture was stirred at RT for 18 h and then poured into a 
vigorously stirred mixture of H 2 0 (10 ml) and ice (40 g). The layers were separated and the 
aqueous layer back extracted with CH 2 CI 2 (3 x 25 ml). The organic layer was combined and 

25 * washed with H 2 0 (3x10 ml). The combined aqueous layers were re-extracted with CH 2 Ci 2 (2 
x 25 ml). The organic layer was combined and washed with saturated aqueous NaHC0 3 
solution (100 mL) and H 2 0 (25 mL) dried (NajjSCU), filtered and concentrated to solids. 
Purification of the crude residue by chromatography (elution with 20% EtOAc/Hexanes) 
afforded 850 mg of the title compound as an orange oil: 1 H NMR (CDCI 3 , 400 MHz) 5 7.73 (s, 

30 1H), 7.70 (s, 1H). 4.33-4.28 (m, 1H), 3.97 (dd, 1H, J = 14.5, 5.0 Hz)), 3.55 (dd, 1H, J = 14.5, 
2.1 Hz), 3.44-3.37 (m, 3H), 2.18-2.10 (m, 2H), 1.87-1.77 (m, 2H); GCMS m/z 359 (M + ). 

B) 4.5-Dinitro-1 0-aza-tricvclor6.3.2.0 2 ' 7 1trideca-2(7V3.5-triene 

The title compound was prepared from 1-(4,5-Dinitro-10-aza-tricyclo[6.3.2.0 2J ]tr»deca- 
2(7),3,5-trien-10-yl)-2 l 2,2-trifluoro-ethanone (110 mg, 0.31 mmol) by the method described in 
35 Example 20 to afford 54 mg of a white solid. Data for free base: 1 H NMR (CDCI 3 , 400 MHz) 
5 7.62 (s, 2H), 3.45 (s, 2H), 3.01-2.91 (m, 4H), 2.22-2.17 (m, 2H), 1.84-1.80 (m, 2H), 1.65 (br 
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*. ,H); »C NMR ,CDC, S . ,00 MHz) , 160,, ,41 * 5 ,. 8 , 4 ,, 7 , 25 . R GCMS ^ ^ 

EXAMPLE 1? 

5 , 8 , ,4-TCIA7^TFTRacYra nm„ n»„ j ffljjiEBDES&m,) 3 5 7 9- 
5 PENTAFNFHVnpr.i-u.^.pr 3">,W,9 

(5.0 0 n efcaae, (,00 mL> eve, ,5 taura , Mowed by ^, fc „ ^ C8 , fe „ an „ 
'•'««'«-««• compound « a o8: „ (Mt) 

H4 ' 5 - Dtem ^ , ^^^3.2.0^eca.2(7).3. 5 . te „-, 0 . yl) . 2z2 . Wuo ^ 

*r;r Tr;™" ™ h ™ ^ ■* ™* - <~ 

H,D (2.4 mL) and g.yoxa, „,„,„„, ^ ^ com ^ 

•» *ed a, re „ux ,or 0 hoars. The rea*o «. ^ „ TOOm lemperaftlre ° M exCe d 
■mm* aoe,a,e ,3 x ,„ m , ^ co»^ ^ anfc tey e rwas washeLh H , 0 (2 ;t* 

20 1 reSWua - purtfed * *— ^nr (12 

CDC,,, 400 MHz) , 0.78 <dd. 2H. 3 . 37. 2.0 Hz), 7.83 ,d, 2H. J . 7.0 Hz, 4.37 ,1 , H T- 

^ 5 - 8 - 14 - Tria7g itetracvclnf in * 9 n*" Q^hoptadeca ?/ni, R70 

25 hydrochloride : — g^UlLA5^B gDteen e 

The title compound was prepared from 1 ««■,,.♦• 
^,0.3.2^ 

0.,9 mmo,, t, M to,^ ,„ Exampfe 2C (o ^ 32 ^ ^ ' » 

free base: H NMR (CDC,,, 400 MHz) 5 8.74 ,s. 2H) , 7.70 fc 2H) , 3.23 ,b, a, 2H). 3 08-2 08 
30 * H,, 2 ,7. 2 ,3 ( m. 2H , ,.07 ,, , H) , ,, 0 ,.84 ,m, 2H); «C ,C DC1 , ,00 MHz) 3 46 e 
144.3, 142.9, 125.7. 53.5, 42.0, 26.0; GCMS mi 225 (M+). * 
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EXAMPLE 13 

5JJ3-TRIAZATETRA^^ 
HYDROCHLORIDE 

A) 1-(5.7J3-Triazatetracvdor9.3.2^ 
5 trifluoro-ethanone 

(For conditions, see; Segeistein, B. E.; Chenard, B. L; Macor, J. E.; Post, R. J. 
Tetrahedron Lett., 34, 1897 (1993).) 

1-(4,5-Diamino-10-aza-tricyclo[6.3.2^ 
ethanone (850 mg t 2.84 mmol) was dissolved in ethanol (10 mL) and HOAc (1 mL) and 

10 treated with ethoxymethylenemalononitrile (416 mg, 3.41 mmol). The resulting mixture was 
heated at reflux for 4 hours. The reaction was cooled, concentrated treated with H 2 0 and 
saturated aqueous Na 2 C0 3 solution and extracted with ethyl acetate (3 x 50 mL), then dried 
(Na2S0 4 ). After filtration and concentration, the residue was purified by chromatography 
(elution with EtOAc then 5%MeOH/EtOAc) to afford 877 mg of the title compound: GCMS 

15 m/z309(M+). 

B) SJ.IS-Triazatetracvclofg.S^.O^^.O^^hexadeca^dO.S^.S-tetraene 
hydrochloride 

The title compound was prepared from 1 -(5,7,1 3-triazatetra- 
cyclo[9.3.2.0 2 '™0 4 >exadeca-^ (877 mg, 2.83 

20 mmol) by the method described in Example 2C to afford 602 mg of a white solid. Data for 
free base: 1 H NMR (CD 3 OD, 400 MHz) 5 9.41 (s, 1H), 7.81 (s, 2H), 3.65-3.60 (m, 2H), 3.46- 
3.35 (m, 4H), 2.31-2.27 (m, 2H), 1 .94 (br d, 2H, J = 9.5 Hz); APCI m/z 214 (M + 1). 

EXAMPLE 14 

7-METHYL-5J.13-TRlAZATETRACYCLOf9.3.2.0 2>10 .0 4>8 l-HEXADECA>2(10V3.5.8- 
25 TETRAENE HYDROCHLORIDE 

A) 57J3-Triazatetracvcior9.3.2.Q 2>10 .0 4,8 1hexadeca-2(10).3,5 < 8-tetraene-13- 
carboxvlic acid tert-butvl ester 

Di-t-butyldicarbonate (616 mg, 2.82 mmol) was added to a solution of 5,7,13- 
triazatetracyclo[9.3.2.0 2,10 .0 48 ]hexadeca-2(10),3,5,8-tetraene (602 g, 2.82 mmol) in 1,4- 
30 dioxane (8 mL), water (2 mL) and 1N NaOH (2 mL). After stirring 18 hours the reaction was 
treated with sat NaHC0 3 (10 mL) and extracted with CH 2 CI 2 (3 x 20 mL). The combined 
organic phases were dried (Na 2 S0 4 ), filtered, concentrated. The crude residue was purified 
by chromatography to provide the title compound (601 mg) as a yellow waxy solid: 1 H NMR 
(CDCI 3 , 400 MHz) 5 8.09 (s, 1H), 7.44 (s, 1H), 7.31 (s, 1H), 6.04 (br s, 1H), 3.92-3.81 (m, 2H), 
35 3.42-3.38 (m, 2H), 3.20 (s, 2H), 2.06-2.03 (m, 2H), 1.80-1.73 (m, 2H), 1.30 (s, 9H); APCI MS 
m/z314.3(M + 1). 
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teMgdl£aa roadi£ ariri tglfcbufrl ester • 

.odomethane (17 uL, 0.271 mmol) was added to a solution conta-mng 13- 
tdazatetracy^^^ acid tert-butyl 

2" mg, -271 mmol), tetrabutylammonium iodide (1.7 mg. 0.007 40'/o NaOH 

laye r was extracted wKh CH 2 C 2 (2 x 10 mL). The combined organ.cs were wash w h 
I dried (NaaSCU filtered and concentrated. The crude residue was punfied by 

mcri as a vellow oil: APCI MS m/z 328.3 (M + 1)- 

^^HC, ,n dioxane (0, mL) was added to a sdution of 7-meth,-5, 13- 
; un***^ acid tert-butyl 

at RTfor 18 hr and concentrated to a yeliow oil. The oi. was stirred in acetone (^ ^ 
to g^e a ye..ow so.id which was collected by filtration to give the title compound (15 mtf. H 
NMR(CDOD.400MHz) 5 9^^ 
3 2H), 3.48-3.41 (m, 2H). 3.3-3.24 (m, 2H), 2.30 (br d, 2H. J = 9.1 Hz), 1.96-1.93 (m, 2H). APC» 

MS m/z 228.3 (M + 1). 

FXAMPLE 15 

tf traENE HY DROCHLORIDE - 

rorhnY ylir. acid tert-hutvl ester 

iodoethane (22 „L, 0.271 mmol) was added to a solution conta,n t ng .13. 

tnazatetracyclo[9.3.2^ 
I mg. -271 mmo,), letrabutylammonium iodide (1.7 mg, 0.007 mm,), 40% NaOH 
30 ^ 2mL)andCH 2 C l2 (2mL)atRT. The resulting mixture was stirred at RT for 18 hours and 
( 2edwicH 2 C, 2 (10mL)andwater(10mL). The ,ayers were partitioned and the agueous 
,ayer was extracted with CH 2 C, 2 (2 x 10 mL). The combined organics were 
brine dried (Na 2 S0 4 ), fiitered and concentrated. The crude residue was punfied by 

35 mg) as a yellow oil: APCI MS m/z 342.3 (M + 1 ). 
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B) 7-Ethvl-5,7,1 S-triazatetracvclorQ^^.O^^.O^hexadeca^fl 0).3,5,8-tetraene 

hydrochloride 

4N HCI in dioxane (0.5 mL) was added to a solution of 7-ethyi-5 f 7,13- 
triazatetracyclo[9.3.2.0 2 * 10 .0 4,5 ]hexadeca-2(1 0),3,5,8-tetraene-1 3-carboxylic acid tert-butyl 
5 ester (72 mg, 0.21 mmoi) in CH 2 CI 2 (10 mL) at RT. The mixture was stirred at RT for 18 hr 
and concentrated to a yellow oil to give the title compound (25 mg): 13 C NMR (CD 3 OD, 100 
MHz) 8 143.3, 139.6, 139.1, 131.5, 131.2, 115.5, 115.4, 53.9, 53.2, 47.1, 37.9, 37.3, 26.7, 
26.6, 17.3; APCI MS m/z 242.3 (M + 1). 

EXAMPLE 16 
10 7-PROPYL-57.13-TRlAZATET^ 
TETRAENE HYDROCHLORIDE 

A) 7-Propvl-5.7, 1 3-tria2atetracyclot9.3.i2.0 2 ' 10 .0 4 ^lhexadeca-2f 1 0).3,5,8-tetraene-1 3- 
carboxvlic acid tert-butvl ester 

lodopropane (26 jxL, 0.271 mmol) was added to a solution containing 5,7,13- 
1 5 triazatetracyclo[9.3.2.0 2 ' 10 .0 4,8 ]hexadeca-2(1 0),3,5,8-tetraene-1 3-carboxylic acid tert-butyl 
ester (85 mg, 0.271 mmol), tetrabutylammonium iodide (1.7 mg, 0.007 mmol), 40% NaOH 
(aq, 2 mL) and CH 2 CI 2 (2 mL) at RT. The resulting mixture was stirred at RT for 18 hours and 
diluted with CH 2 Cl 2 (10 mL) and water (10 mL). The layers were partitioned and the aqueous 
layer was extracted with CH 2 CI 2 (2 x 10 mL). The combined organics were washed with 
20 brine, dried (Na 2 S0 4 ), filtered and concentrated. The crude residue was purified by 
chromatography (elution with EtOAc then 10% MeOH/EtOAc) to afford the title compound (33 
mg) as a yellow oil: APCI MS m/z 356.4 (M + 1). 

B) 7-Propvl-5.7.1 S-triazatetracvcloFg.S^.O^^^^hexadeca^dO^S.S.S-tetraene 
hydrochloride 

25 4N HCI in dioxane (0.5 mL) was added to a solution of 7-ethyl-5,7,13- 

triazatetracyclo[9.3.2.0 2,10 .0 4,8 ]hexadeca-2(1 0),3,5,8-tetraene-1 3-carboxylic acid tert-butyl 
ester (33 mg. 0.21 mmol) in CH 2 CI 2 (10 mL) at RT. The mixture was stirred at RT for 18 hr 
and concentrated to a yellow oil to give the title compound (27 mg): 1 H NMR (CD 3 OD, 400 
MHz) 5 9.50 (br s, 1H), 7.94 (br s, 1H), 7.80 (br s, 1H), 4.52 (br s, 2H), 3.63 (br s, 2H), 3.50- 

30 3.30 (m, 4H), 2.37-2.25 (m, 2H), 2.06-1.94 (m, 4H), 1.03 (t, 3H, J = 6.2 Hz); APCI MS m/z 
256 .4 (M + 1). 
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EXAMPLE 17 

feMEm.-5,7.ia.TRIAZA TFTRACYn Q[9 3.2.0 2 " ^ jjBCAP^^QQU £ 8= 
TETRAENE HY DRQCHl OBinr 

a^Methyl-S/.IS-triaraWmrYrl^ 3 2 Off n^hnxad e c a .2nO).3.5. 8 - te tr a .n. V 
2,2.2-trifluoro-ethannnft 

(For conditions, see; Segelstein, B. E.; Chenard, B. L; Macor. J. £.; Post R J 
Tetrahedron Lett, 34, 1897 (1993).) 

M4.5-Diamino-10-aza-tricyclo[6.3.2.0^ 
ethanone (417 mg, 1.39 mmol) was dissolved in ethanol (10 mL) and HOAc (1 mL) and 
treated with 1-ethoxyethyiidene malononitrile (227 mg, 1.67 mmol). The resulting mixture was 
heated at reflux for 4 hours. The reaction was cooled, concentrated treated with H 2 G and 
saturated aqueous Na 2 C0 3 solution and extracted with ethyl acetate (3 x 50 mL), then dried 
(Na 2 S0 4 ). After filtration and concentration, the residue was purified by chromatography 
(elution with EtOAc then 5% MeOH/EtOAc) to afford the title compound (448 mg) as an oil- 
15 GCMSm/z323(M+). 

^ e-Methyl-SJ.ia-tria/atetr acYclofg g ? r^ ^hg^^dea^ lQl 3 c g tgtraene 

hydrochloride 

The title compound was prepared from l^nrthyM.7,13- 
^etracyclo[9^^ m 

mg, 2.83 mmol) by the method described in Example 2C to afford 313 mg of a white solid 
Data for free base: 1 H NMR (CD 3 OD. 400 MHz) 5 7.68 (s, 2H), 3.59 (br s. 2H), 3.44-3 34 (m 
4H), 2.87 (s. 3H), 2.27 (d, 2H. J = 9.1 Hz), 1 .94 (br d, 2H, J = 9.9 Hz); «C NMR (CD 3 OD 100 
MHz) 5 151.2, 137.9, 131.8, 112.1, 49.9, 36.7, 25.1, 11.5; APCI m/z 228.2 (M + 1). 

EXAMPLE 18 

6,7-DIMETHYL-S 7. 1 3-TRIA7ATF TRACYCLOrQ 3 ? .0 2 ' 10 .Q 4,8 1-HI = yAnFrA- 
2f10).3.5.8-TE TRAENE HVnR QCHLORinF ~ ~~ ~ 

A)_6: Methyl-5,7,13-triazatet r acyclof9, 3 ? off O ^hexadec^Mn) ,*^^ 1? . 
carboxvlic acid tert-butvl aster " 

Di-t-butyldicarbonate (331 mg, 1.51 mmol) was added to a solution of 6-methyl- 
5,7,13-triazatetrac^^ pi8 g ^ ^ 

1,4-dioxane (8 mL), water (2 mL) and 1N NaOH (2 mL). After stirring 18 hours the reaction 
was treated with sat NaHC0 3 . (10 mL) and extracted with CH 2 C, 2 (3 x 20 mL). The combined 
organic phases were dried (Na 2 S0 4 ), filtered, concentrated. The crude residue was purified 
by chromatography to provide the title compound (257 mg) as a yellow waxy solid- APCI MS 
35 m/z328.3(M + 1). 
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B) 6 J-Dimethvt-5 .7.1 S-triazatetracvclorQ^^.O 2,10 0 4,s 1hexadeca-2(1 013.5.8-tetraene- 
13-carboxvlic acid tert-butvl ester 

lodomethane (20 jjlL, 0.336 mmol) was added to a solution containing 6-methyi- 
5,7,1 3-triazatetracyclo[9.3.2.G^ 10 ^^ acid tert- 

5 butyl ester (85 mg, 0.271 mmol), tetrabutylammonium iodide (1.6 mg, 0.006 mmol), 40% 
NaOH (aq, 1 mL) and toluene (1 mL) at RT. The resulting mixture was stirred at RT for 18 
hours and diluted with CH 2 CI 2 (10 mL) and water (10 mL). The layers were partitioned and 
the aqueous layer was extracted with CH 2 CI 2 (2 x 10 mL). The combined organics were 
washed with brine, dried (Na^O^, filtered and concentrated. The crude residue was purified 
10 by chromatography (elution with EtOAc then 10% MeOH/EtOAc) to afford the title compound 
(24 mg) as a yellow oil: APCI MS mfz 342.3 (M + 1 ). 

C) 6J-Pimethvl-5J,13-friazateta^ 
hydrochloride 

4N HCl in dioxane (0.5 mL) was added to a solution of 6,7-dimethyl-5,7,13- 

1 5 triazatetracyclo[9.3.2.0 2 * 10 .0 4,8 ]hexadeca-2(1 0),3,5,8-tetraene-1 3-carboxylic acid tert-butyl 
ester (24 mg, 0.07 mmol) in CH 2 Ci 2 (5 mL) at RT. The mixture was stirred at RT for 18 hr and 
concentrated to a yellow oil to give the title compound (1 5 mg): 1 H NMR.(CD 3 OD, 400 MHz) 8 
7.78 (br s, 1H), 7.67 (br s, 1H), 4.00 (s, 3H), 3.63-3.58 (m, 2H), 3.40-3.32 (m, 4H), 2.87 (s, 
3H), 2.27 (br d, 2H, J = 8.7 Hz), 1 .92 (br d, 2H, J = 8.7 Hz); APCI MS mlz 242.3 (M + 1 ). 

20 EXAMPLE 19 

6-METHYL-7-ETHYL-5.7. 1 3-TRIAZATETRACYCLOr9.3.2.0 2,10 .0 4,8 l-HEXADECA- 
2/10),3.5,8-TETRAENE HYDROCHLORIDE 

A) e-Methvl^-ethvl-SJ.IS-triazatetracvcloig.S^.O^^.O^hexadeca^floys.S.S- 
tetraene-13-carboxvlic acid tert-butvl ester 

25 lodoethane (20 nL, 0.26 mmol) was added to a solution containing 6-methyl-5,7,13- 

triazatetracyclo[9.3.2.0 2,10 .0 4,8 ]hexadeca-2(1 0),3,5,8-tetraene-1 3-carboxylic acid tert-butyl 
ester (85 mg, 0.26 mmol), tetrabutylammonium iodide (1.6 mg, 0.007 mmol), 40% NaOH (aq, 
2 mL) and CH 2 CI 2 (2 mL) at RT. The resulting mixture was stirred at RT for 18 hours and 
diluted with CH 2 CI 2 (10 mL) and water (10 mL). The layers were partitioned and the aqueous 

30 layer was extracted with CH 2 CI 2 (2 x 10 mL). The combined organics were washed with 
brine, dried (Na 2 S0 4 ), filtered and concentrated. The crude residue was purified by 
chromatography (elution with EtOAc then 10% MeOH/EtOAc) to afford the title compound (63 
mg) as a yellow oil: APCI MS m/z 356.4 (M + 1 ). 
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4N HQ in dioxane (0 5 mL) 
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' tiimi csif^r "aag 

lodopropane (25 M L 0 26 mm h 
— • W m 9 . o,s mmM , te ^ bm J°^; e ; e -^^ •* 

4N HCl in dioxane (0 5 mn 



WO 2005/007630 PCT/IB2004/002280 

-48- 

EXAMPLE 21 
6-METHYL-5-OXA-7.13-D(AZATETft^ 
2<10U,6,8-TETRAENE HYDROCHLORIDE 

A) 2,2,2-Trif)uoro-1 -(4-hvdroxv-5-nitro-1 0-aza-tricvclofS^^.O^Itrideca^f 7),3,5-trien- 
5 10-vlVethanone 

1-(4,5-Dinitro-10-aza-tricyclo[6.3.2^ 
ethanone (900 mg, 2.50 mmbl) and potassium acetate (KOAc) (246 mg, 2.50 mmol) were 
dissolved in DMSO (10 mL) and warmed with stirring to 100 °C for 16 hours. The mixture 
was cooled and diluted with H 2 0 (50 mL) then extracted with 80% ethyl acetate/hexanes (6 x 
10 25 mL). The organic layer was washed with H 2 0 (3 x 20 mL). dried (Na 2 S0 4 ), filtered and 
concentrated. The crude residue was purified by chromatography (elution with 20% 
EtOAc/Hexanes to 40% EtOAc/Hexanes) to give the title compound as an oil (150 mg): 
GCMSm/z330 (M+). 

2,2.2-Trifluoro-1 -(4-hvdroxv-5-amino-1 O-aza-tricvclofe.S^.O^Itridera^rn.S.S- 
15 trien-1 O-ylVethanone 

2,2,2-Trifiuoro-1-(4-hydroxy-5Hiifr^ 
yl)-ethanone (150 mg, 0.45 mmol) was hydrogenated in ethanol (25 mL) under a H 2 
atmosphere at (45 psi) over 10%Pd/C (50 mg) for 3.5 hours then filtered through a Celite™ 
pad and concentrated to afford the title compound as a yellow oil (140 mg): GCMS m/z 300 
20 (M + ). 

C) 2.2.2-Trifluoro-1 -(6-methvl-5-oxa-7.1 3-diazatetracydo[9.3.2.0 2 *™ 0 4 '*hhexadeca- 

2f 1 0V3.6.8-tetraene)-ethanone 

2 f 2,2-Trifluoro-1-(4-hydroxy-5-am^ 

10-y))-ethanone (140 mg, 0.524 mmol), tnethyl orthoacetate (0.34 mL, 1.83 mmol), 
25 pyridinium-p-toiuenesulfonic acid (PPTS, 20 mg, 0.08 mmol) and xylenes (10 mL) were 

combined under nitrogen and stirred at 135 °C for 18 hours. The mixture was cooled, treated 

with H 2 0 and extracted with ethyl acetate. The extracts were dried (Na 2 S0 4 ), filtered, 

concentrated and purified by chromatography (eiution with 10% EtOAc/Hexanes) to give the 

title compound (40 mg) as an oil: GCMS m/z 324. 
30 D) 6-Methvl-5-oxa-7.13-diazatetracvcloF9.3.2.0 2 ' 10 .0 4 ' 8 1hexadeca-2(1Q),3.6,8-tetraene 

hydrochloride 

The title compound was prepared from 2,2,2-trifluoro-1-(6-methyl 5-oxa-7,13- 
diazatetracyclo[9.3.2.0 2l10 .0 4,8 ]hexadeca-2(10) J 3 l 6,8-tetraene)-ethanone (40 mg, 0.12 mmol) 
by the method described in Example 2C to afford 25 mg of a white solid. Data for free base: 
35 1 H NMR (CD 3 OD, 400 MHz) 5 7.66-7.64 (m, 2H), 3.61-3.54 (m, 2H), 3.42-3.25 (m, 4H), 2.80 
(s, 3H), 2.32-2.25 (m, 2H), 1.95-1.85 (m, 2H); GCMS m/z 228 (M+). 
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EXAMPLE 22 

^^EXO-METHYL^-NITRQ-IO-AZA-TRICYCLOre.S.I.O^IDODECA^f?)^.^ 
TRIENE HYDROCHLORIDE 

A) 3-Cvano-2-methvl-3-phenvl-propionic acid methyl ester 

5 Benzyl cyanide (0.5 mL, 4.34 mmol) was slowly added to a slurry of NaH (60%, 182 

mg, 4.56 mmol) in THF (9 mL) at RT. Methyl 2-bromopropionate (0.48 mL, 4.34 mmol) was 
added to this mixture and the resulting solution was stirred at RT for 18 h. The mixture was 
treated with saturated (aq) NaHC0 3 (5 mL) and the resulting mixture was extracted with 
EtOAc (3x10 mL). The combined organics were washed with brine, dried (Na 2 S0 4 ), filtered 
10 and concentrated. The crude residue was purified by chromatography (eluting with 5% 
EtOAc/hexanes) to afford the title compound (577 mg) as a mixture of diastereomers: 13 C 
NMR (CDCI 3 , 100 MHz) 8 173.3, 173.2, 134.0, 133.0, 129.3, 128.9, 128.7, 128.4, 128.0, 
119.8, 119.1, 52.53, 52.50, 45.0, 44.5, 40.5, 40.1, 15.1, 14.7; GCMS m/z 203 (M+). 

B) 3-Cvano-2-rnethvl-3-phenvl-propionic acid 

15 Lithium iodide (836 mg, 6.25 mmol) was added to a solution of 3-cyano-2-methyl-3- 

phenyl-propionic acid methyl ester (577 mg, 2.84 mmol) in collidine (14.2 mL). The resulting 
mixture was heated at reflux for 18 h. The mixture was cooled in an ice/water bath and a 
solution of H 2 S0 4 (7.7 mL) in water (27 mL) was slowly added over 30 min. The resulting 
mixture was extracted with ether (2 x 100 mL), and the combined organics were dried 

20 (MgS0 4 ), filtered and concentrated. The residue was dissolved in ether (50 mL) and the 
resulting solution was washed with 1 N NaOH (3x5 mL). The combined aqueous phases 
were washed with ether (2 x 25 mL), acidified with 6 N HCI and extracted with EtOAc (3 x 50 
mL). The combined organics were dried (Na 2 S0 4 ), filtered and concentrated to afford the title 
compound (484 mg) as a mixture of diastereomers: GCMS m/z 189 (M+). 

25 C) 2-Methvl-3-oxo-indan-1-carboxvlic acid methyl ester 

3-Cyano-2-methyl-3-phenyi-propionic acid (480 mg, 2.54 mmol) was dissolved in 
H2SO4 (2.54 mL) and heated in an oil bath at 90 °C for 18 h. Cool to RT and slowly pour the 
resulting mixture into methanol (10 mL) cooled in an ice/water bath. The resulting mixture 
was heated to reflux for 3 h. Upon cooling to RT the mixture was poured onto ice (50 g). The 

30 resulting aqueous solution was extracted with EtOAc (3 x 30 mL). Wash the combined 
organic phases with sat. NaHC0 3 (3 x 10 mL), water (10 mL) then brine (10 mL). The 
organics were dried (Na 2 S0 4 ), filtered and concentrated to provide the title compound (208 
mg) as a 8:1 mixture (trans/cis) of diastereomers as determined by 1 H NMR: 1 H NMR (CDCI3, 
400 MHz) 5 7.74-7.70 (m, 1H), 7.62-7.56 (m, 2H), 7.46-7.37 (m, 1H), 4.36 (d, J = 8.3 Hz, 

35 minor), 3.81 (d, 1H, J = 4.5 Hz, major), 3.76 (s, 3H, major), 3.64 (s, minor), 3.09-3.02 (m, 1H, 
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major), 2.98-2.90 (m, minor), 1.33 (d, 3H, J = 7.5 Hz, major), 1.21 (d, J = 7.5 Hz, minor); 
GCMS m/z 204 (M+). 

3-Cvano-2"methvl-3'trimethvlsilanvloxvHndan-1"Carboxvlic acid methyl ester 
2-Methyl-3-oxo-indan-1-carboxylic acid methyl ester (200 mg,. 0.98 mmol) was 
5 dissolved in CH 2 CI 2 (1.0 mL). Zn! 2 (1.6 mg, 0.005 mmol), and l 2 (1.5 mg, 0.006 mmol) were 
added and then TMSCN (0.261 mL, 1.96 mmol) was added dropwise over 15 min. The 
resulting mixture was heated at reflux for 20 h. The mixture was cooled to RT and sat. 
NaHC0 3 (10 mL) and CHCI 3 (10 mL) were added, and the resulting mixture was stirred for 30 
min. The mixture was partitioned and the organic layer was washed successively with sat. 
10 NaHC0 3 (10 mL), water (10 mL) and brine (10 mL). The organic layer was dried (Na 2 C0 3 ), 
. filtered and concentrated to afford 312 mg of the title compound as a brown oil which was 
used without further purification: GCMS m/z 303 (M+). 

B) 12-Exo-methvl-1 0-aza-tricvclor6.3. 1 .0 2,7 1dodeca-2,4.6-trien-9-one 
Pearlman's catalyst (20% Pd(OH) 2 -C (50% water), 206 mg, 0.15 mmol) was added to 
15 a solution of 3-cyano-2-methyl-3-trimethylsiianyloxy-indan-1-carboxylic acid methyl ester (312 
mg, 0.98 mmol) in MeOH (10 mL) and cone. H 2 S0 4 (0.1 mL). This mixture was shaken under 
an atmosphere of hydrogen (50 psi) at 50 °C for a period of 20 h. The resulting solution was 
filtered through a pad of Cel'ite™ and washed with MeOH (10 mL). Sodium terf-butoxide (282 
mg, 2.94 mmol) was added and the resulting solution was stirred at RT for 20 h. The mixture 
20 was treated with sat. aq. NH 4 CI (1.0 mL) and partitioned between EtOAc (10 mL) and water 
(10 mL). The layers were separated and the aqueous layer was extracted with EtOAc (3x10 
mL). The combined organics were washed with brine, dried (Na 2 S0 4 ), filtered and 
concentrated. The crude residue was purified by chromatography (elution with 2% 
MeOH/CHCIs with 0.1% NH 4 OH) to afford the title compound (75 mg) as a film: 1 H NMR 
25 (CDCI 3 , 400 MHz) 6 7.27-7.24 (m, 2H), 7.19-7.11 (m, 2H), 6.55 (br s, 1H), 3.58 (ddd, 1H, J = 
11.2, 4.2, 1.2 Hz), 3.18 (s, 1H), 3.10-3.06 (m, 1H), 3.00 (d, 1H, J = 3.7 Hz), 2.65 (q, 1H, J = 
6.6 Hz), 0.80 (d, 3H, J = 6.6 Hz); 13 C NMR (CDCI 3 , 100 MHz) 5 174.5, 143.04, 143.01, 128.0, 
127.6, 124.2, 123.9, 55.6,47.9, 45.6, 44.0, 16.8; GCMS m/z 187 (M+). 
R 2,2,2-Trif1uoro-1-(12-extH7iethvl^^ 
30 vfl-ethanone 

Lithium aluminum hydride (1 M in THF, 0.8 mL, 0.8 mmol) was added to a solution of 
^-exo-methyl-IO-aza-tricycloie.S.I.O^ldodeca^^.e-trien^-one (75 mg, 0.40 mmol) in THF 
(0.8 mL) at 45 °C. The resulting mixture was stirred for 9.5 h, cooled to RT and treated with a 
solution of water (58 |iL) in THF (0.3 mL). The resulting slurry was stirred at RT for 15 h, 
35 filtered through a pad of Celite™, washing the filter cake with THF (10 mL). The filtrate was 
concentrated and the resulting residue was dissolved in CH 2 CI 2 (1 .3 mL). Pyridine (81 ]xL t 1 .0 
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25 



30 



mmoQ was added to the mixture followed by trifluoroacetic anhydride (71 pi, 0.5 mmol) at RT 
Th,s mature stirred for 20 h and was diluted with CHCI 3 (10 mL) and 1 M HC, (5 mL) The 
mature was separated and the aqueous layer was extracted with CHCI 3 (3 x 5 mL) The 
combined organic extracts were washed with 1 M HC. (10 mL). water (10 mL) then bnne (10 

ourL K 6 °r ,C ! dned (Na2SCU ^ ^ COnCen,rated ^ °«* «*» was 
pur tied by chromatography (elution with 5% EtOAc/hexanes) to afford the title compound (61 

mg) as a white solid: 1 H NMR (CDCI 3 , 400 MHz) 5 7.22-7.19 (m, 4H), 4.34 (dd 1H J = 12 9 
2-1 HZ, 3.92-3.88 (m, 1H). 3.52 (dd. 1H. J = 12.4. 1.7 Hz). 3,2 (d 1H. J 1 ^ 97 
2M I (m. 1H). 2,2-2.91 (m. 1H, 2.27 ( , 1 H . J = 6, Hz). 0.90 (d. 3 H . . 6.6 Hz); C NMR 
(CDC, 100 MHz) 5 157.8. 157.4. 142.4. 141.6.m 128.1. 127.8. 124.3. 124 1 1 20 8 117 9 
115-1.112.2.51.0,48.9. 48.6.46.7.46.4. 18.1; GCMS m/z 269 (M + , ' 

4 . 21 ^ 2 - 2 - T "^°ro-1-(1?-exo-m fi thv^.n itm _, Q . a2a . trinVf! , nr ft , ^ 

trien-10-vn-P.thpnnno *— 1 ~ |flMeca2 4 ^ 

^ Nitric acid (36 pL, 0.40 mmoi. 69%) was stowly added to a solution of 2,2,2-trifluoro-l- 
15 (12-°-ethyMC^^^ ' ^ 

stmed for 4h at wh,ch time it was poured over CHCI 3 (10 mL) and water (10 mL) The 
so.ut.on was neutralized with sat. NaHCC, (aq) and partitioned. The aqueous .ayer was 
extracted w,t CMC, (3 x 10 mL). The combined organics were washed with watar 10 I 
en bnne (1 mL ) and dried (Na 2 SC,), ffl ,ered and concentrated to afford the tit,e compld 
33 mg)w ,ch was used without further purification: <H NMR (CDC, 400 MHz) 58 12 (d 1H 
= H2) " 8 -° 8 1H ' J = Hz). 7.38 (d. 1H. J = 8.3 Hz). 4.40 (dd. 1H J = 12 9 2 1 Hz)' 
3-96 (d. 1H. 12.4 Hz, 3.59 (dd. 1H. J = 12.9. 1.2 Hz, 3.20 (d. 1H. - 2.9 Hz) it 05 (m 
2H, 2.40 (q. 1H. J = 6.6 Hz, 0.90 (d. 3H. J = 6.6 Hz, GCMS m* 314 (M + ) ' ' 

^ 12-Ex 0 -methYl-4-nitro-10-aza-tricyd oj6mo!^d^^ 



hydrochloride 

The m expound ^ prepared ^ 2«*Muo ro . H l2««r,ethyMv,« ro .,o. 

CDC, 400 MH2) , 8 , , ^ 1H, J = 7.9. 2 , „ 2) , 8 .03 ,d, ,H, J.e 2.1 H 2 >. 7.3, „ ^ 
0.3 Hz), 3,5-3.0, (m . 2H). 2.85-2.8, (m . 4H>. 2.27 «,. ,H. 2 = „ J, (br 8 ' ^ 
H 3H 2 = ,6 H* »C NMR ,CDC, ,00 MHz, a ,52,. ,47.9, ,40.3, ,24.3 ,23 , 9 T 
50.2. 50.0. 49.9, 49.4. 49.2, ,9.0; GCMS ra4215 (M+). ' 
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EXAMPLE 23 . 

^.^-DIMETHYL-IO-AZA-TRlCYCLOrS.a.l.O^IDOPECA^fZlS.S-TRIENE 
HYDROCHLORIDE 

A) 3-Cvano-2.2-dimethvl-3-phenvl-proDionic acid 
5 Benzyl cyanide (5.0 mL, 43.4 mmol) was slowly added to a slurry of NaH (60%, 1 .74 

g, 43.4 mmol) in THF (87 mL) at RT. Methyl 2-bromo-2-methylpropionate (5.58 mL, 43.4 
mmol) was added to this mixture and the resulting solution was stirred at RT for 18 h. The 
mixture was treated with saturated (aq) NaHC0 3 (25 mL) and the resulting mixture was 
extracted with EtOAc (3 x 100 mL). The combined organics were washed with brine, dried 

10 (Na 2 S0 4 ), filtered and concentrated to give 3-cyano-2,2-dimethyl-3-phenyl-propionic acid 
methyl ester [GCMS m/z 217 (m+)] as a brown oil. This material was dissolved in collidine 
(220 mL) and lithium iodide (12.8 g, 95.5 mmol) was added. The resulting mixture was 
heated at reflux for 18 h. The mixture was cooled in an ice/water bath and a solution of 
H2SO4 (120 mL) in water (400 mL) was slowly added over 90 min. The resulting mixture was 

15 extracted with ether (5 x 200 mL), and the combined organics were dried (MgS0 4 ), filtered 
and concentrated. The resulting oil was dissolved in ether (100 mL) and the resulting solution 
was washed with 1 N NaOH (2 x 50 mL, then 1 x 25 mL). The combined aqueous phases 
were washed with ether (2 x 100 mL), acidified with 6 N HCI (-30 mL) and extracted with 
EtOAc (3 x 100 mL). The combined organics were dried (NazSO^, filtered and concentrated 

20 to afford the title compound (6.31 g) as a yellow oily solid: 1 H NMR (CDCl 3 , 400 MHz) 11.3 
(br s, 1H), 7.38-7.32 (m, 5H), 4.32 (s, 1H), 1.47 (s, 3H), 1.22 (s, 3H); GCMS m/z 203 (M+). 
&\ 2.2-Dimethvl-3-oxo-indan-1-carboxvlic acid methyl ester 

3-Cyano-2,2-dimethyl-3-phenyl-propionic acid (6.31 g, 31.1 mmol) was dissolved in 
H 2 S0 4 (31 mL) and heated in an oil bath at 90 °C for 18 h. Cool to RT and slowly pour the 

25 resulting mixture into methanol (62 mL) cooled in an ice/water bath. The resulting mixture 
was heated to reflux for 3 h. Upon cooling to RT the mixture was poured onto ice (250 g). 
The resulting aqueous solution was extracted with EtOAc (3 x 100 mL). Wash the combined 
organic phases with sat. NaHC0 3 (3 x 50 mL), water (50 mL) then brine (50 mL). The 
organics were dried (Na^O^, filtered and concentrated to provide the title compound (4.17 g) 

30 as a yellow oil : 1 H NMR (CDCI 3 , 400 MHz) 5 7.77 (d, 1 H, J = 7.9 Hz), 7.66-7.62 (m, 1 H), 7.50 
(dd, 1H, J = 7.9, 0.8 Hz), 7.47-7.43 (m, 1H), 3.98 (s, 1H), 3.75 (s, 3H), 1,36 (s, 3H), 1.12 (s, 
3H); 13 C NMR (CDCI 3 , 100 MHz) 6 208.5, 172.0, 149.2, 135.3, 128.9, 127.6, 124.6, 56.7, 
52.2, 49.6, 25.4, 21.6; GCMS m/z 21 8 (M+). 

C) 3-Cvano-2.2-dimethvl-3-trimethvlsilanvloxv-indan-1-carboxvlicacid methyl ester 

35 2,2-Dimethyl-3-oxo-indan-1-carboxylic acid methyl ester (1.0 g, 4.6 mmol) was 

dissolved in CH 2 CI 2 (4.6 mL). Znl 2 (7.3 mg, 0.023 mmol), and l 2 (7.0 mg, 0.028 mmol) were 
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added and then TMSCN (1.22 mL, 9.17 mmol) was added dropwise over 15 min. The 
resulting mixture was heated at reflux for 20 h. The mixture was cooled to RT and sat. 
NaHC0 3 (20 mL) and CHCI 3 (20 mL) was added, and the resulting mixture was stirred for 30 
min. The mixture was partitioned and the organic layer was washed successively with sat. 
5 NaHC0 3 (20 mL), water (20 mL) and brine (20 mL). The organic layer was dried (Na 2 C0 3 ), 
filtered and concentrated to afford 1 .45 g of the title compound as a brown oil which was used 
without further purification: GCMS m/z 31 7 (M+). 

D) 12.1 2-dimethvl-1 0-aza-tricvclof6.3. 1 .O^ldodeca^ A6-trien-9-one 

Pearlman's catalyst (20% Pd(OH) 2 -C (50% water), 825 mg, 0,59 mmol) was added to 
10 a solution of 3-cyano-2,2-dimethyl-3-trimethyisiianyloxy-indan-1-carboxylic acid methyl ester 
(1.25 g, 3.93 mmol) in MeOH (10 mL) and cone. H 2 S0 4 (0.3 mL). This mixture was shaken 
under an atmosphere of hydrogen (50 psi) at 50 °C for a period of 20 h. The resulting 
solution was filtered through a pad of Celite™ and washed with MeOH (10 mL). Sodium tert- 
butoxide (1.13 g, 11.7 mmol) was added and the resulting solution was stirred at reflux for 20 
15 h. The mixture was treated with sat. aq. NH 4 CI (5 mL) and partitioned between EtOAc (10 
mL) and water (10 mL). The layers were separated and the aqueous layer was extracted with 
EtOAc (3 x 10 mL). The combined organics were washed with brine, dried (Na 2 S0 4 ), filtered 
and concentrated. The crude residue was purified by chromatography (elution with 2% 
MeOH/CHCl 3 with 0.1% NH 4 OH) to afford the title compound (120 mg) as a film: 1 H NMR 
20 (CDCI 3 , 400 MHz) 5 7.31 (d, 1H, J = 6.6 Hz), 7.24-7.13 (m, 3H), 3.62 (dd, 1H, J = 12.2, 4.2 
Hz), 3.07 (dd, 1H, J = 12.2, 1.4 Hz), 3.04 (s, 1H), 2.82 (d, 1H, J = 4.2 Hz), 1.30 (s, 3H), 0.92 
(s, 3H); GCMS m/z 201 (M+). 

E) 2.2,2-Trifluoro-1-n2.12^imethvl-10-aza^ 

yn-ethanone 

Lithium aluminum hydride (1 M in THF, 1.4 mL, 1.4 mmol) was added to a solution of 
12,12-dimethyl-10-aza-tricyclo[6.3.1.0 2,7 ]dodeca-2,4 f 6-trien-9-one (115 mg, 0.57 mmol) in 
THF (1.2 mL) at 45 °C. The resulting mixture was stirred for 18 h, cooled to RT and treated 
with a solution of water (100 \xl) in THF (0.92 mL). The resulting slurry was stirred at RT for 
30 min, filtered through a pad of Celite™, washing the filter cake with THF (10 mL). The 
filtrate was concentrated and the resulting residue was dissolved in CH 2 CI 2 (1.9 mL). Pyridine 
(116 jiL, 1.43 mmol) was added to the mixture followed by trifluoroacetic anhydride (100 jiL, 
0.72 mmol) at RT. This mixture stirred for 1 h and was diluted with CHCI 3 (10 mL) and 1 M 
HCI (5 mL). The mixture was separated and the aqueous layer was extracted with CHCI 3 (3 x 
5 mL). The combined organic extracts were washed with 1 M HCI (10 mL), water (10 mL) 
then brine (10 mL). The organics were dried (Na 2 S0 4 ), filtered and concentrated. The crude 
residue was purified by chromatography (elution with 5% EtOAc/hexanes) to afford the title 



30 



WO 2005/007630 

» 



PCTYIB2004/002280 



-54- 



compound (66 mg) as a white solid: 1 H NMR (CDCI 3 , 400 MHz) 5 7.20-7.17 (m, 4H), 4.04 
(dd, 1H, J = 13.7, 2.9 Hz), 3.82-3.72 (m, 2H). 3.44 (dd, 1H, J = 13.7, 1.7 Hz), 2.76 (d, 1H, J = 
1.2 Hz), 2.69 (d, 1H, J = 1.2 Hz), 1,31 (s, 3H), 0.91 (s, 3H); 13 C NMR (CDCI 3 , 100 MHz) 5 
1582, 158.0, 144.5, 143.6, 127.8, 127.6, 123.8, 123.6, 120.8, 117.9, 115.1, 112.2, 49.0, 48.8, 
5 46.7, 45.3, 43.8, 27.6, 20.6; GCMS m/z 283 (M+). 

F) 12,12-Dimethvl-10-aza-tricvclor6.3.1.0 2,7 1dodeca-2(7).3.5-triene hydrochloride 
The title compound was prepared from 2,2,2-trifluoro-1-(12,12-dimethyl-10-aza- 
tricyclote.S.I.O^ldodeca^^^trien-IO-yO-ethanone (21 mg, 0.074 mmol) by the method 
described in Example 2C to afford 11 mg of a white solid. Data for free base: 1 H NMR 
10 (CDCI 3 , 400 MHz) 5 7.18-7.12 (m, 4H), 3.24 (d, 2H, J = 13.3 Hz), 2.49 (d, 2H, J = 13.3 Hz), 
2.45 (s, 2H), 1.85 (br s, 1H), 1.30 (s, 3H), 0.81 (s, 3H); 13 C NMR (CDCI 3 , 100 MHz) 6 146.0, 
126.9, 123.4, 51.5, 44.7, 29.4, 20.9; GCMS m/z 187 (M+). 

EXAMPLE 24 

12.12-DIMETHYL-4-NlTRO-10-AZA-TRiCYCLQr6.3.1.0 2,7 lDODECA-2(7),3.5-TRlENE 
15 HYDROCHLORIDE 

A) 2,2.2-Trifluoro-1 -(12.1 2-dimethvl-4-nitro-1 0-aza-tricvclof6.3. 1 .O^ldodeca^ .4.6- 
trien-1 0-vD-ethanone 

Nitric acid (46 \xL, 0.51 mmol, 69%) was slowly added to a solution of 2,2,2 -trifluoro-1- 
(12,12-dimethyl-10-aza-tricyclo[6.3.1.0 2,7 ]dodeca-2,4,6-trien-10-yl)-ethanone (44 mg, 0.16 

20 mmol) in TFA (0.16 mL) at 0 °C (ice bath). The mixture was allowed to warm to RT and" 
stirred for 8h at which time it was poured over CHCI 3 <10 mL) and water (10 mL). The 
solution was neutralized with sat. NaHC0 3 (aq) and partitioned. The aqueous layer was 
extracted with CHCI 3 (3 x 10 mL). The combined organics were washed with water (10 mL) 
then brine (10 mL) and dried (Na2S0 4 ), filtered and concentrated to afford the title compound 

25 (51 mg) which was used without further purification: ^H NMR (CDCI 3 , 400 MHz) 5 8.14-8.06 
(m, 2H), 7.36 (dd, 1H, J = 7.9, 2.1 Hz), 4.09 (dt, 1H, J = 13.7, 2.5 Hz), 3.85 (dd, 1H, J = 12.8, 
2.5 Hz), 3.78 (d, 1H, J = 12.8 Hz), 3.48 (d, 1H, J = 14.1 Hz), 2.91 (d, 1H, J = 10.4 Hz), 2.84 
(d, 1H, J = 11.6 Hz), 1.35 (s, 3H), 0.90 (s, 3H); GCMS m/z 328 (M+). 

B) 12.1 2-dimethvl-4-nitro-1 0-aza-tricvclor6.3.1 .0 2,7 1dodeca-2(7).3,5-triene 

30 hydrochloride 

The title compound was prepared from 2,2,2-trifluoro-1-(12,12-dimethyl-4-nitro-10- 
aza-tricydo[6.3.1.0 2,7 ]dodeca-2,4,6-trien-10-yl)-ethanone (50 mg, 0.15 mmol) by the method 
described in Example 2C to afford 27 mg of a white solid. Data for free base: 1 H NMR 
(CDCI3, 400 MHz) 6 8.10 (dd, 1H, J = 8.3, 2.1 Hz), 8.01 (d, 1H, J = 2.1 Hz), 7.29 (d, 1H, J = 
35 8.3 Hz), 3.35-3.30 (m, 2H), 2.62-2.58 (m, 4H), 1.61 (br s, 1H), 1.34 (s, 3H), 0.82 (s, 3H); 13 C 
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NMR (CDCI3, 100 MHz) 154.4, 148.0. 147.6, 123.8, 123.3, 118.6, 51.6, 51.4, 45.4, 44.4, 44.3, 
29.2, 20.7; GCMS m/z 232 (M+). 
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What is claimed is : 

1 . A compound of the formula 

' fcs* ■' 

R 3 

5 wherein 2 is a group represented by the formula CR 4 R 5 or CR 6 R 7 CR 8 R 9 ; 

R 1 is hydrogen, (d-CeJalkyl, unconjugated (QrC 6 )alkenyl, benzyl, XC(=0)R 13 or 
•CH 2 CH2-0-(C r C 4 )alk^; 

R 2 and R 3 are selected, independently, from hydrogen, (C2-C 6 )alkenyl, (C2-C 6 )alkynyi, 
hydroxy, nitro, amino, halo, cyano, -SO q (C r C 6 )alky| wherein q is zero, one or two, 

10 (C^alkylamino-, [(d-CeJalkylhamino-. -C0 2 R 1 °, -CONR 11 R 12 , -SO z NR 13 R 14 , -C(=0)R 19 , 
-XC(=0)R 19 , aryl-(C 0 -C 3 )alkyl- or aryKC 0 -C 3 )alkyl-O-, wherein said aryl is selected from phenyl 
and naphthyl, heteroaryl-(C 0 -C 3 )alkyl- or heteroaryl-(C 0 -C 3 )alkyl-O-, wherein said heteroaryl is 
selected from five to seven membered aromatic rings containing from one to. four heteroatoms 
selected from oxygen, nitrogen and sulfur; X 2 (Co-C 5 )alkyl- and X 2 (CrC 6 )aIkoxy-(C 0 -C 6 )alkyl-, 

15 wherein X 2 is absent or X 2 is (C r C 6 )alkylamino- or [(C r C 6 )alkyl] 2 amino-, and wherein the (C 0 - 
C 6 )alkyi- or (CrCeJalkoxy^Co-C^alkyl- moieties of said X 2 (Co~C 6 )alkyl- or X 2 (C n -C 6 )alkoxy-(C<r 
C 6 )alkyl- contains at least one carbon atom, and wherein from one to three of the carbon atoms 
of said (Co-CeJalkyl- or (C n -C 6 )alkoxy-(C 0 -C 6 )alkyl- moieties may optionally be replaced by an 
oxygen, nitrogen or sulfur atom, with the proviso that any two such heteroatoms must be 

20 separated by at least two carbon atoms, and wherein any of the alkyl moieties of said (C 0 - 
C 6 )alkyl- or (C^eJalkoxy-fCo-CeJalkyl- groups may be optionally substituted with from two to 
seven fluorine atoms, and wherein one of the carbon atoms of each of the alkyl moieties of said 
aryKCo-C 3 )alkyl- and said heteroaryl-(C 0 -C 3 )alkyl- may optionally be replaced by an oxygen, 
nitrogen or sulfur atom, and wherein each of the foregoing aryl and heteroaryl groups may 

25 optionally be substituted with one or more substituents, preferably from zero to two substituents, 
independently selected from (C r C 6 )alkyl optionally substituted with from one to seven fluorine 
atoms, (Ci-CeJalkoxy optionally substituted with from two to seven fluorine atoms, halo (e.g. . 
chloro, fluoro, bromo or iodo), (C r C 6 )alkenyl, (C r C 6 )alkynyl, hydroxy, nitro, cyano, amino, (C r 
C 6 )alkylamino-, [(C r C B )aIkyl] 2 amino, -C0 2 R 10 , -CONR 11 R 12 , -S0 2 NR 13 R 14 , -C(=0)R 19 and 

30 -XC(=0)R 19 ; 

or R 2 and R 3 , together with the carbons to which they are attached, form a four to seven 
membered monocyclic, or a ten to fourteen membered bicyclic, carbocyclic ring that can be 
saturated or unsaturated, wherein from one to three of the non-fused carbon atoms of said 
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monocyclic rings, and from one to five of the carbon atoms of said bicyclic rings that are not part 
of the benzo ring shown in formula I. may optionally and independently be replaced by a 
nitrogen, oxygen or sulfur, and wherein said monocyclic and bicyclic rings may optionally be 
substituted with one or more substituents. preferably from zero to two substituents for the 
5 monocyclic rings and from zero to three substituents for the bicyclic rings, that are selected, 
independently, from (Co-C 6 )alkyl- or (C^alkoxy-fCo-CeJalltyJ-, wherein the total number of 
carbon atoms does not exceed six and wherein any of the alkyl moieties may optionally be 
substituted with from one to seven fluorine atoms; nitro, oxo, cyano, halo, (CrQsJalkenyl, (C r 
QOalkynyl. hydroxy, amino, (C r C 6 )alkylamino-, [(C 1 -C s )alkyl] 2 amino-, -C0 2 R 10 , -CONR 11 R 12 - 
10 S0 2 NR 13 R 14 ,-C(=0)R 19 .and-XC(=0)R 19 ; 

R 4 and R s are selected, independently, from H, (C,-C 6 )alkyi, F, CI. Ph, CH 2 Ph, (C r 
C 6 )alkoxy, or R 4 and R s , together with the carbon they are attached, form a three, four or six 
membered saturated ring with the proviso that R 4 and R 5 cannot both be H; 

R 6 , R 7 , R 8 and R 9 are selected, independently, from H, Me. Et. Pr. Ph and CF 3 ; 
15 each R . R 11 , R 12 . R 13 . R 14 and R 19 is selected, independently, from hydrogen and (C, - 

Ce) alkyl, or R 11 and R 12 . or R 13 and R 14 together with the nitrogen to which they are attached, 
form a pyrrolidine, piperidine. morpholine, azetidine, piperazine. -N-CC-CeJalkylpiperazine or 
thiomorpholine ring, or a thiomorpholine ring wherein the ring sulfur is replaced with a sulfoxide 
or sulfone; and 
20 each X is, independently, (C r C s )aIkylene. 

2. A compound according to claim 1, wherein said heteroaryl within the definition 
of R 2 and R 3 is selected from thienyl, oxazoyl, isoxazolyl, pyridyl, pyrimidyl, thiazolyl, tetrazolyl, 
isothiazolyl, triazolyl, imidazolyl, tetrazolyl or pyrrolyl. 

3. A compound according to claim 1 , wherein said heteroaryl within the definition 
25 of R 2 and R 3 is selected from the following: 

""NssN R m \^n *V.o 

o~t«' S X^ R " It*" 



wherein one of R 15 and R 24 is hydrogen or (C r C 6 )alkyl, and the other is a bond to the benzo 
ring of formula I. 

4. A compound according to claim 1 , wherein R 2 and R 3 , together with the benzo 
30 ring of formula I, form a bicyclic or tricyclic ring system selected from the following: 
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wherein R and R are selected independently from hydrogen, (CVCeJalkyI; and (C r 
C 6 )alkoxy-(Co-C 6 )alkyt- wherein the total number of carbon atoms does not exceed six and 
5 wherein any of the alkyl moieties may be substituted with from one to seven fluorine atoms; 
. nitro, cyano, halo, amino, (C r C 6 )alkylamino-, [(C r C 6 ) a!kyl] 2 amino-, -CO 2 R 10 t -CONR 11 R 12 , - 
S0 2 NR 13 R 14 , -C(=0)R 19 , -XC(=0)R 19 , phenyl and monocyclic heteroaryi wherein said 
heteroaryl is defined as R 2 and R 3 are defined in claim 1 and R 10 , R 1 \ R 12 , R 13 , R 14 , R 19 are as 
defined in claim 1, m is zero, one or two and wherein one of the carbon atoms of ring A may 
1 0 be replaced with oxygen or N(C r C 6 )alkyL 

5. A pharmaceutical composition for use in reducing nicotine addiction or aiding 
in the cessation or lessening of tobacco use in a mammal, comprising an amount of a 
compound according to claim 1 that is effective in reducing nicotine addiction or aiding in the 
cessation or lessening of tobacco use and a pharmaceuticaliy acceptable carrier. 
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6. A method for reducing nicotine addiction or aiding in the cessation or 
lessening of tobacco use in a mammal, comprising administering to said mammal an amount 
of a compound according to claim 1 that is effective in reducing nicotine addiction or aiding in 
the cessation or lessening of tobacco use. 
5 7. A pharmaceutical composition for treating a disorder or condition selected 

from inflammatory bowel disease, ulcerative colitis, pyoderma gangrenosum, Crohn's 
disease, irritable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue, 
pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, 
sleep disorders, jet lag, amyotrophic lateral sclerosis (ALS), . cognitive dysfunction, 
10 hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid hypersecretion, 
ulcers, pheochromocytoma, progressive supranuclear palsy, chemical dependencies and 
addictions, dependencies on, or addictions to nicotine (or tobacco products), alcohol, 
benzodiazepines, barbiturates, opioids or cocaine, headache, migraine, stroke, traumatic 
brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntington's chorea. 
15 tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct dementia, age-related 
cognitive decline, epilepsy, petit mal absence epilepsy, senile dementia of the Alzheimer's 
type (AD). Parkinson's disease (PD), attention deficit hyperactivity disorder (ADHD), attention 
deficit disorder (ADD), restless legs syndrome (RLS). mild cognitive impairment, cognitive 
enhancement in schizophrenia, drug induced extrapyramidal symptoms, conduct disorder. 
20 oppositional defined disorder, anxiety in anxious smokers, cardiovascular risk in pregnancy, 
delayed ejaculation, emesis. symptoms due to injury inflicted by biological warfare, diarrhea, 
nicotine gum addiction, sleep prevention, ischemia, and Tourette's Syndrome in a mammal, 
comprising an amount of a compound according to claim 1 that is effective in treating such 
disorder or condition and a pharmaceutically acceptable carrier. 
25 8 . a method for treating a disorder or condition selected from inflammatory 

bowel disease, ulcerative colitis, pyoderma gangrenosum, Crohn's disease, irritable bowel 
syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis, 
vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, sleep 
disorders, jet lag, amyotrophic lateral sclerosis (ALS), cognitive dysfunction, hypertension, 
30 bulimia, anorexia, obesity, cardiac arrythmias. gastric acid hypersecretion, ulcers, 
pheochromocytoma. progressive supranuclear palsy, chemical dependencies and addictions, 
dependencies on, or addictions to nicotine (or tobacco products), alcohol, benzodiazepines, 
barbiturates, opioids or cocaine, headache, migraine, stroke, traumatic brain injury (TBI), 
obsessive-compulsive disorder (OCD), psychosis, Huntington's chorea, tardive dyskinesia, 
35 hyperkinesia, dyslexia, schizophrenia, multi-infarct dementia, age-related cognitive decline, 
epilepsy, petit mal absence epilepsy, senile dementia of the Alzheimer's type (AD). 
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Parkinson's disease (PD), attention deficit hyperactivity disorder (ADHD), attention deficit 
disorder (ADD), restless legs syndrome (RLS), mild cognitive impairment, cognitive 
enhancement in schizophrenia, drug induced extrapyramidal symptoms, conduct disorder, 
oppositional defined disorder, anxiety in anxious smokers, cardiovascular risk in pregnancy, 
5 delayed ejaculation, emesis, symptoms due to injury inflicted by biological warfare, diarrhea, 
nicotine gum addiction, sleep prevention, ischemia, and Tourette's Syndrome in a mammal, 
comprising administering to a mammal in need of such treatment an amount of a compound 
according to claim 1 that is effective in treating such disorder or condition. 
9. A compound of the formula 
10 I' 



Z N-P 



wherein R 2 and R 3 are defined as in claim 1; and P is COOR 17 wherein R 17 is ally!, 
2,2,2-trichloroethyl or (C r C 6 )alkyl; -C(=O)NR 10 R 11 wherein R 11 and R 12 are defined as in claim 
1; -C(=0)H; -C^OXCVCeJalkyl or -C(=S)(C r C 6 )alkyl wherein the alkyl moiety may optionally 
15 be substituted with from 1 to 3 halo atoms, preferably with from 1 to 3 fluoro or chloro atoms; 
benzyl, or t-butoxycarbonyl. 

10. A method for reducing nicotine addiction or aiding in the cessation or 
lessening of tobacco use in a mammal, comprising administering to said mammal an amount 
• of a compound comprising an amount of a compound of the formula 





20 

wherein 2 is as defined above and R 19 is selected from the group consisting of hydrogen or 
(d-CeJalkyl, or a pharmaceutical^ acceptable salt thereof, that is effective in reducing 
nicotine addiction or aiding in the cessation or lessening of tobacco use. 

11. A method for treating a disorder or condition selected from inflammatory bowel 

25 disease, ulcerative colitis, pyoderma gangrenosum, Crohn's disease, irritable bowe! 
syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis, 
vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, sleep 
disorders, jet lag, amyotrophic lateral sclerosis (ALS), cognitive dysfunction, hypertension, 
bulimia, anorexia, obesity, cardiac arrythmias, gastric acid hypersecretion, ulcers, 

30 pheochromocytoma, progressive supranuclear palsy, chemical dependencies and addictions, 
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dependencies on. or addicts ,o nicobne (or tobacco products). a,co * N«M -~ 
olura.es. opi.»s 0, coc*». headaCe. migraine. **a ^ « - WTO 
obsessive-compulsive disorder (CCD), psychosis, Huntington's chorea, tardnra oys maara. 
CZas* stroma. .•*-* d— . *^ 

elpa, petit mat absanca ep«epsy, senile dementia of the Alzhermer* type <AD) 
SZn' disaaaa (PD). attend*- daW hyp«ao*my disorder (ADHD). attenbon de c« 
~( ADD,, lass legs syndrome (RLS), mid cognitive impawn,, cogmbve 
^ZL schfcophrenfc. da, induced exbepyramida, symptoms, conduct dsorden, 
^La, dCad disorder. »de* m adieus sneers, card— dsK in pregnancy. 
d ayed emesis. syntptevne due » Wury imWed by blolog^l m*m. d-nh* 

ntcoL gum addicts, ateap prevent, ischemia, and Tourette's Syndrome „ a mammal 
^ admWstedng to a mammal in need of sun* aaabnen. an amount of a corned of 



15 



20 



25 



30 



the formula 

disorder or condition. 

12 . A compound according to claim 1 selected from the group cons.st.ng of. 

10-aza-tricycloI6.3.2.0 2 ' 7 ]trideca-2(7),3,5-triene; 

4.nitro-10-aza-tricyclot6.3.2.0 2 ' 7 ]trideca-2(7),3,5-triene; 

^-5-thia-7.13-dia Z atetracyc,o l 9.3.2.0--0^>exadeca-2(10),3,6,8-tetraene; 
514-di a zatetracyclo[10.3.2.0 2 - 11 .0 4 >eptadeca-2(11),3.5,7,9-pentaene; 

^ethyi-S.U-diazate^^^ 
4-fluorc-10-aza-tricyclo[6.3.2.0 2 - 7 ]trideca-2,4,6-triene; 

4-chloro-10-azatricyclo[6.3.2.0 2 ' 7 )trideca-2,4,6-triene; 

4-bromo-10-azatricyclo[6.3.2.0 2 ' 7 ]trideca-2,4,6-triene; 

10-aza-tricyclo[6.3.2.0 2 - 7 ]trideca-2,4,6-trien^4-carbonitrile; 

1-(10-azatricyclo[6.3.2.0 2 - 7 ]trideca-2(7),3,5-trien-4-yl)-1-ethanone; 

45-dinitro-10-aza-tricyclot6.3.2.0 27 ]trideca-2{7).3,5-triene; 

5 8 l4-tnazatetracyc.o[10.3.2.0 2 '" 0^Yheptadeca-2(1 1),3,5,7,9-pentaene; 

5 7 'l3-triazatetracyclo[9.3.2.0 2 ' 10 .0^ 8 l-hexadeca-2(10).3 l 5,8-tetraene; 

7- m ethy.-5JJ3-«riazatetracyclo[9.3.2.0 2 - 1 V^hexadeca-2(10),3 l 5,8^ 

7-e m yl-5J.13-triazatetracyc.o[9.3.2.0^^'>exadeca-2(10).3,5,8-tetraene; 

7- P ropy.-5JJ3-triaz^^ 
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6-methyl-57J3-triazatetrac^^^^ 
67-dimethy!-5JJ3-triazatetra^ 

6-methyl-7-ethy)-57,134riazatetracyclo[9.3.2.0^ 1 ^0 4 ^-hexad 
tetraene; 

5 6-methyf-7-propyI-5JJ3-triazate^^ 
tetraene; 

6-methyl-5-oxa-7 t 1 3-diazatetracyclo[9.3.2.0 2,10 . 0 4>8 ]-hexadeca-2(1 0),3,6,8-tetraene; 
1 2-exo-methyl-4-nitro-1 0-aza-tricyclo[6.3. 1 .0 2,7 ]dodeca-2(7),3,5-triene; 
1 2, 12-dimethyM 0-aza-tricyclo[6.3.1 .0 2,7 ]dodeca-2(7),3,5-triene; and 
10 12 l 12-dimethyM-nitro-10-a2a-tricyclo[6.3.1 .0 2,7 ]dodeca-2(7),3,5-triene; 

and pharmaceutical^ acceptable salts thereof. 

13. A compound according to claim 1 selected from the group consisting of: 
N-(1 0-trifluoroacetyM 0-aza-tricyclo[6.3.2.0 2 ' 7 ]trideca--2(7) t 3,5-trien-4-yl)-acetamide; 
2,2,2-trifluoro-N-(1 0-trifluorothioacetyM 0-a2a-tricyclo[6.3.2.0 2,7 ]trideca-2(7) I 3 I 5-trien- 
1 5 4-yl)-thioacetamide; 

1-(4-amino-10-aza-tricyclo[6.3.2.0 2,7 ]trideca-2(7)3,5-trien^ 

ethanone; 

1-(6-methyl-5,14-diazatetracyclo[1 0.3.2.0 2,1l .0 4,9 ]heptadeca-2(1 1 ),3 l 5,7 1 9-pentaene)- 
2,2,2-trifluoro-ethanone; 
20 1-(4-fluorc>10-aza-tricycIo[6^ 
ethanone; 

1-(4-chloro-10-aza-tricydo[6.3.2.^^ 
ethanone; 

1 -(4-amino-1 0-aza-tricyclo[6.3.2.0 2,7 ]trideca-2(7) l 3 l 5-trien-1 0-yl)-2,2,2-trifIuoro- 
25 ethanone; 

4-iodcn10-aza-tricyclo[6.32.0 2 ^ acid " tert-butyl 

ester, 

4-cyano-10-aza-tricyclo[6.3.2.0 2,7 ]trideca-2(7),3,5-triene-1 0-carboxylic acid tert-butyl 

ester; 

30 1 -(4-acetyM 0-aza-tricyclo[6.3.2.0 2,7 ]trideca-2(7) t 3 t 5-trien-1 O-yl^^-trifluoro- 

ethanone; 

1 -(4,5-dinitro-1 0-aza-tricycio[6.3.2.0 2,7 ]trideca-2(7),3,5-trien-1 0-yl)-2,2,2-triflUGro- 
ethanone; ' 

1-(4,5-diamino-1 0-aza-tricyclo[6.3.2.0 2,7 ]trideca-2(7) l 3 l 5-trien-1 0-yl)-2,2,2-trifluoro- 
35 ethanone; 
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1-(5 A 14-triazatetra^^ 
trifluoro-ethanone; 

1-(5,7,13-triazatetracyclo[9.3.2.0 2 - 10 .0 4 - 6 lhexadeca-2(10).3,5,8-tetraene)-2.2,2- 

trifluoro-ethanone; 
5 5 J,13-triazatetracyclor9.3.2^^^ 

acid tert-butyl ester; 

y-methyl-WS-triazetetracy^ 

• carboxylic acid tert-butyl ester; 

7-ethyl-5J,13-triazatetracydo[9.3.2.0 2 ' 1 ^0 4 >exadeca-2(10).3.53-tetraene-13- 

10 carboxylic acid tert-butyl ester; 

7-propyl-57.13-triaz^ 
carboxylic acid tert-butyl ester; 

HS-methyl-S^S-M^^ 
2,2,2-trifluoro-ethanone; 
15 6 -methyl-5J,13-triazatet^^^^ 
carboxylic acid tert-butyl ester, 

6J-dimethyl-57.13-tr^^ 

carboxylic acid tert-butyl ester; 

6-methyl-7-ethyl-5J,13-triazatetracyclo[9.3.2.0 2 - 1 V>exadeca-2 

20 1 3-carboxylic acid tert-butyl ester; 

6-methyl-7-propyl-5,7,13-triazatetracyclo[9.3.2.0 z - 10 .0^ 8 ]hexadeca-2(10),3,5 l 8- 

tetraene-1 3-carboxylic acid tert-butyl ester; 

2 ^2-trifluoro-1-(4-h^^ 

ylVethanone; , 
25 2 , 2)2 -trifluorc)-1-(4-hydroxy-5-amino-10-a Z a-tricyclo[6.32 

10-yl)-ethanone; 

2i2l2 -trifluorc^1-(6^^ 
2(1 0),3,6.8-tetraene)-ethanone; 

2,2,2-trifluoro-l^^ 

30 ethanone; „ „ ~ » ■ 

2 , 2i2 -trifluoro-1-02-exo-meth^^^ 

10-yl)-ethanone; 

2,2.2-trifluoro-1-(12,12-dimethyl-10-aza-tricyclo[6.3.1.0 2 ' 7 ]dodeca-2,4,6-trien-10-yl)- 
ethanone.and 

35 2i 2,2-trifluoro-1-(12,12-di m emyl-4-nitro-10-aza-tricyclol6.3.1.0^ 
10-yl)-ethanone; 
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and pharmaceutical^ acceptable salts thereof. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 

International Bureau 




IIIIUIIIH 



(43) International Publication Date (10) International Publication Number 

27 January 2005 (27.01.2005) PCT WO 2005/007630 A3 



(51) International Patent Classification 7 : C07D 223/16, (81) Designated States (unless otherwise indicated, for every 



A61K 31/55, A61P 25/00, C07D 513/08, 471/08, 487/08, 
498/08 

(21) International Application Number: 

PCT/TB 2004/002280 

(22) International Filing Date: 9 July 2004 (09.07.2004) 
(25) Filing Language: English 



(26) Publication Language: 

(30) Priority Data: 

60/488,764 



21 July 2003 (21 .07.2003) US 



(71) Applicant (for all designated States except US): PFIZER 
PRODUCTS INC. [US/US]; Eastern Point Road, Groton, 
CT 06340 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): COE, Jotham, 
Wadsworth [US/US]; Pfizer Global Research and De- 
velopment, Eastern Point Road, Groton, CT 06340 (US). 
O'DONNELL, Christopher, John [US/US]; Pfizer 
Global Research & Development, Eastern Point Road, 
Groton, CT 06340 (US). 

(74) Agent: FULLER, Grover, F., Jn; Pfizer Inc., 201 Tabor 
Road, Morris Plains, NJ 07950 (US). 



kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, H, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, Nl, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, S Y, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 



English (84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, 
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 



Published: 

— with international search report 

(88) Date of publication of the international search report: 

28 April 2005 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



m 

o 
o 

ir5 



(54) Title: ARYL FUSED AZAPOLYCYCLIC COMPOUNDS 



O 




(0 



(57) Abstract: This invention is directed to compounds of the formula (I): 
and their pharmaceutical ly acceptable salts, wherein R 1 , R 2 , R 3 and Z are as 
defined herein;intermediates for the synthesis of such compounds, pharmaceutical 
compositions containing such compounds; and methods of using such compounds 
in the treatment of neurological and psychological disorders. 



INTERNATIONAL SEARCH REPORT 



tntemvna) Application No > 

PCT/IB2004/002280 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C07D223/16 A61K31/55 A61P25/00 C07D513/08 C07D471/08 
C07D487/08 C07D498/08 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C07D A61K A61P 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fields searched 



Electronic data t>ase consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, BEILSTEIN Data, ENBASE, BIOSIS, CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 99/35131 A (PFIZER PROD INC ; BROOKS 
PAIGE ROANNE PALMER (US); COE J0THAM 
WADSWORT) 15 July 1999 (1999-07-15) 
the whole document 



WO 01/62736 A (PFIZER PROD INC ; BROOKS 
PAIGE ROANNE PALMER (US); COE JOTHAM 
WADSWORT) 30 August 2001 (2001-08-30) 
the whole document 



WO 99/55680 A (PFIZER PROD INC 
JOTHAM WADSW0RTH (US)) 
4 November 1999 (1999-11-04) 
the whole document 



COE 



1-13 



1-13 



1-13 



□ 



Further documents are listed In the continuation of box C. 



Patent family members are listed In annex. 



■ Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

'E* earfler document but published on or after the International 
filing date 

"L* document which may throw doubts on priority clalmfs) or 
which is cited to establish the publication dale of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

"P* document published prior to the international filing date but 
later than trie priority date claimed 



T later document published after the International filing date 
or priority dale and not In conflict with the application but 
cited to understand the principle or theory undertying the 
invention 

"X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken atone 

'V document of particular relevance; the claimed Invention 
cannot be considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious lo a person skilled 
in the art 

document member of the same patent family 



Date of the actual completion of the International search 



19 October 2004 



Date of mailing of the international search report 



ia 01. 2005 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 B Patentiaan 2 
NL-2280HVRqsw5k 
Tel (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax (+31-70) 340-3016 



Authorized officer 



Kirsch, C 



Foot PCT7I8A/210 (second sheet) January 2004) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/IB2004/002280 



Box II Observations where certain claims were found unsearchable (Continuation of Item 2 of first sheet) 

This international Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. rn Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 

2. r~] Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 

3. Claims Nos.: 

— because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box III Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple Inventions In this International application, as follows: 

see additional sheet 



□ As an required additional search fees were timely paid by the applicant, this international Search Report covers all 
searchable claims. 



2. PI As ail searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
1 — 1 covers only those claims for which fees were paid, specifically claims Nos.: 



4. lyj No required addtional search fees were timely paid by the applicant Consequently, this International Search Report is 
restricted to the Invention first mentioned in the claims; it is covered by claims Nos.: 

1-13 (all 1n part) 



Remark on Protest | J The additional search fees were accompanied by the applicant's protest 

[ [ No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004) 



International Application No. PCT/ I B2004/ 002288 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1-13 (all in part) 

12-Substituted azatricyclododecane derivatives or fused 
forms thereof for use as neuronal nicotinic 
acetylcholinesterase receptor ligands in the treatment of 
neurological and psychological disorders 



2. claims: 1-13 (all in part) 

Azatricyclotridecane derivatives or fused forms thereof for 
use as neuronal nicotinic acetylcholinesterase receptor 
ligands in the treatment of neurological and psychological 
di sorders 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



hUenlBrUl Application No 

PCT/IB2004/002280 



Patent document 
cited In search report 



Publication 



Patent family 
member(s) 



Publication 
date 



WO 9935131 



15-07-1999 AP 
AU 
AU 
BG 
BR 
CA 
CN 
CZ 
EA 
EP 
HR 
HU 
WO 
OP 
JP 
NO 
NZ 
OA 
PL 
SG 
SK 
TR 
TW 
US 
US 
US 
US 
US 
US 
US 
US 
ZA 



1170 
753389 

9641698 
104561 

9814592 



A 

B2 

A 

A 

A 



2316921 Al 
1285821 T 
20002438 A3 
3190 Bl 
1044189 Al 
20000445 Al 
0100949 A2 
9935131 Al 
3550359 B2 
2002500218 T 
20003422 A 
504482 A 
11428 A 
341824 Al 
102686 Al 
9712000 A3 
200001840 T2 
513412 B 

2002072524 Al 

2002072525 Al 
2002111350 Al 
2002132824 Al 
2003130261 Al 
2003130260 Al 

6410550 Bl 
6605610 Bl 
9811911 A 



WO 0162736 



30-08-2001 



WO 9955680 



04-11-1999 



AP 
AT 
AU 
AU 



1154 A 
258921 T 
749831 B2 
2951699 A 



30- 06-2003 
17-10-2002 

26- 07-1999 

31- 01-2001 

17- 10-2000 
15-07-1999 
28-02-2001 
13-11-2002 

27- 02-2003 

18- 10-2000 

30- 04-2001 

28- 08-2001 
15-07-1999 

04- 08-2004 
08-01-2002 

29- 08-2000 

31- 01-2003 
03-05-2004 
07-05-2001 
26-03-2004 

05- 03-2002 
21-12-2000 

11- 12-2002 
13-06-2002 
13-06-2002 
15-08-2002 

19- 09-2002 
10-07-2003 
10-07-2003 
25-06-2002 

12- 08-2003 
29-06-2000 



US 6605610 Bl 12-08-2003 

AU 2874801 A 03-09-2001 

BG 106908 A 30-04-2003 

BR 0108610 A 19-11-2002 

CA 2401229 Al 30-08-2001 

CN 1406227 T 26-03-2003 

CZ 20022778 A3 17-09-2003 

EE 200200475 A 15-12-2003 

EP 1259489 Al 27-11-2002 

HR 20020700 A2 31-12-2004 

HU 0204580 A2 28-04-2003 

WO 0162736 Al 30-08-2001 

OP 2003524002 T 12-08-2003 

MX PA02008311 A 09-12-2002 

NO 20024042 A 17-10-2002 

NZ 519973 A 30-04-2004 

SK 12042002 A3 03-02-2004 

US 2003130261 Al 10-07-2003 

US 2003130260 Al 10-07-2003 

ZA 200206768 A 22-08-2003 



27-03-2003 

15- 02-2004 
04-07-2002 

16- 11-1999 



Foim PCT/ISA/210 (patent family anne«) (January 2004) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



InterrSBhal Application No 

PCT/IB2004/002280 



Patent document 
cited in search report 



Publication 
date 



Patent family 
members) 


Publication 
date 


BG 


104983 


A 


28-09-2001 


BR 


9910058 


A 


26-12-2000 


CA 


2330576 


Al 


04-11-1999 


CN 


1144787 


T 


07-04-2004 


DE 


69914594 


Dl 


11-03-2004 


DE 


69914594 


T2 


09-12-2004 


DK 


1076650 


T3 


24-05-2004 


EA 


3669 


Bl 


28-08-2003 


EP 


1076650 


Al 


21-02-2001 


ES 


2213354 


T3 


16-08-2004 


HR 


20000731 


Al 


30-06-2001 


HU 


0103340 


A2 


28-02-2002 


WO 


9955680 


Al 


04-11-1999 


ID 


26700 


A 


01-02-2001 


JP 


2002513007 


T 


08-05-2002 


NO 


20005397 


A 


26-10-2000 


NZ 


507035 


A 


30-05-2003 


OA 


11506 


A 


14-05-2004 


PL 


344010 


Al 


24-09-2001 


SI 


1076650 


Tl 


30-06-2004 


SK 


15952000 


A3 


04-06-2002 


TR 


200003122 


T2 


21-03-2001 


US 


2003008890 


Al 


09-01-2003 


us 


6462035 


Bl 


08-10-2002 


us 


2004167149 


Al 


26-08-2004 


ZA 


9902971 


A 


30-10-2000 



W0 9955680 



Form PCT/1SA/210 (patent family annex) (January 2004) 



THIS PAGE BLANK <ysffo> 



